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AN ANALYSIS OF THE TITRATION DATA OF OXYHEMO- 
GLOBIN OF THE HORSE BY A THERMAL METHOD 


By JEFFRIES WYMAN, Jr. 

(From the Biological Laboratories, Harvard University, Cambridge) 
(Received for publication, July 16, 1938) 

There is a great amount of data on the titration of proteins with 
acids and bases. Most of this has received some degree of inter- 
pretation in terms of the composition of the molecules. In a 
number of cases the total acid- and base-combining power has 
been shown to be in very close agreement with that calculated on 
the basis of the analytical figures for the amino acid content of the 
proteins in question. In at least one case, moreover, it has been 
possible to fit the data in a satisfactory way over the whole range 
by dividing the total number of acid- and base-combining groups 
into a relatively small number of classes and assigning to each 
class a suitably chosen acidity constant, and the required choice 
of classes and constants has not been inconsistent with the known 
composition of the protein. 

There is another method of approach available for the analysis 
of the acid- and base-combining power of the proteins which so 
far has not been tried, but which may be expected to shed new 
light on the problem and to supplement the information derived 
in other ways. Tliis, which we may call the thermal method, 
consists in determining the effect of temperature on the titration 
curve. Since the different acid- and base-binding groups of these 
polyvalent molecules are for the most part characterized by dif- 
ferent heats of dissociation, we should expect, in accordance with 
the vanT Hoff equation, that the effect of temperature would be 
different in different ranges of the titration curve, and this should 
make it possible to see directly in which ranges different groups 
are active. In this paper we describe the application of this 
method to the case of a well known protein, oxyhemoglobin of the 
horse. First we shall give the results of the titration of oxyhemo- 
globin in solution at three temperatures and the apparent heat of 

1 



2 , ^yilration of Oxyhemoglobin 

dissociation as a function of pH calculated from these data; we 
shall then develop the theory underlying the method, and make 
use of it in the analysis of the data on oxyhemoglobin.^ 

The horse hemoglobin was crystallized by the method of Feny 
and Green, as described by German and Wyman (2), from con- 
centrated cells kindly furnished by the Massachusetts Antitoxin 
and Vaccine Laboratory. The final crystals were dissolved in 
0.3 M aqueous sodium chloride to provide the stock solution which 
was used for all the measurements. This solution contained, 
according to a Kjeldahl analysis, 12.42 gm. of nitrogen per liter, 
or 73.8 gm. of hemoglobin per liter, on the basis of a nitrogen factor 
of 5.93 (Vickery and Leavenworth (3)). At the end of the meas- 
urements the solution was found to have an oxygen-combining 
capacity of 9.71 volumes per cent. Assuming the molecular 
weight of hemoglobin to be 66,800, this indicates that only 1.9 
per cent of the protein was inactive. This amount is so small 
that any corrections based on it are less than the experimental 
error, and it has been ignored in calculating the results. 

Measured amounts of approximately 0.1 n HCl or NaOH were 
added to aliquots of stock solution, and the resulting mixture 
diluted with water to give the same final concentration of protein 
in all cases. This involved a dilution of the stock solution to 132 
per cent of its original volume. The titrated aliquots were equili- 
brated with oxygen at a pressure of about 90 to 100 cm. of mercury 
in a tonometer before injection into the electrode for measurement. 

The pH was determined with a glass electrode in connection 
with a high resistance vacuum tube bridge (1). The measure- 
ments were made at three temperatures, 6.5®, 25®, and 37.7®, con- 
trolled by water pumped from a constant temperature bath 
through a glass jacket surrounding the electrode. The electrode 
was calibrated constantly throughout the course of the measure- 
ments with various standard buffers. The composition of these 
buffers and the pH assigned to each for each of the three tem- 
peratures are given in Table I. The values of the pH are based 
on interpolations or extrapolations from data given by Clark (4) 
wherever the values are not given directly by him. 

1 It should be noted that in 1924 Stadie and Martin (1) made an estimate 
of the heat of ionization of hemoglobin as a base from the shift of the iso- 
electric point with temperature. 
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Table I 


pH of Standard Buffers 



d.fi* 

26* 

87.7* 

10 

cc. 

citrate* 






4.92 

4.98 

5.03 

9.0 

(( 

tt 
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1.0 

cc. 

NaOH* 


6.07 

6.13 

5.18 

6.0 

ti 

tt 


4.0 

If 

tt 4 > 


5.93 

6.00 

6.03 

0.25 

It 

NajHP04 


9.75 

tt 

KHjPO 

.t 

5.31 

5.28 

5,26 

1.0 

it 

tt 


9.0 

It 

tt 

t 

5.92 

5.90 

5.87 

49.6 

tt 

tt 

-h 

50.4 

tt 

tt 

i 

6.83 

6.80 

6.78 

84.1 

it 

tt 

+ 

15.9 

It 

tt 

t 

7.52 

7.50 

7.48 

87.0 

It 

tt 


13.0 

tt 

it 

t 

. 7.64 

7.60 

7.58 

89.4 

tt 

It 

-f 

10.6 

tt 

it 

t 

7.73 

7.70 

7.67 

94.7 

tt 

tt 


5.3 

tt 

if 

t 

8.05 

8.01 

7.98 

10 

tt 

borate § 






9.33 

9.19 

9.10 


♦ Clark (4), Table 42. 
t Clark (4), Tables 41 and 43. 
I Clark (4), Table 43. 

§ Clark (4), Table 38. 





Fig, 1. Titration curves of oxyhemoglobin at three temperatures. Acid and 
base are expressed in milliequivalents per gm. of hemoglobin. 
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Titration of Oxyhemoglobin 


The titration curves for each of the three temperatures are 
shown graphically in Fig. 1. In Fig. 1 the ordinates give milli- 
equivalents of acid or base per gm. of hemoglobin, which, if de- 
sired, may be converted into equivalents per mole simply by 
multipl 3 dng by 66.8 on the assumption of a molecular weight of 
66,800. The results at 25° are in good agreement with other 
data and it is unnecessary to tabulate them numerically. 

The point in which we are primarily interested here is a second 
order effect; namely, the difference of pH between the three curves 
for given values of the ordinates. It is this quantity which deter- 
mines what we shall call the apparent heat of dissociation, Q', and 
define, by analogy with the case of a weak monobasic acid, by 
the equation 


( 1 ) 


Q' * -2MZRT^ 



In this equation and subsequently, R denotes the gas constant, 
T the absolute temperature, and B the total amount of base pres- 
ent. The justification of this definition is given below. In 
Fig. 2 we have plotted values of this quantity expressed in calories 
as a function of pH over the entire range covered by the data. 
These values were actually calculated from the pH values taken 
from the smooth curves of Fig. 1 at various convenient values of 
the ordinate by the expression 


( 2 ) 


- 4 . 679 ^ 17 * 


pH2 -- p Hi 

T2-Ti' 


in which subscripts 1 and 2 refer to the two different temperatures 
in question. In Fig. 2 each value so calculated is plotted against 
the corresponding mean pH; z.e., (pH 2 + pHi)/2. 

Let us now consider first very briefly the case of a simple acid 
SH which dissociates to give the products S~ and H+ in accord- 
ance with the equation 

(3) 

OSH 


where a denotes activity and k is the thermodynamic equilibrium 
constant. Q, the heat of dissociation per mole,^ is given by the 

* This is the increase of total heat; t.e., the heat absorbed as a result of 
the dissociation. 



van’t Hoff equation 
(4) 
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Q-^BT* 


dlnfe 

dT 


Actually, what is more readily determined from the titration 
data is not the thermodynamic constant k but the acidity con- 
stant k' defined as 


( 6 ) 


Can 


OH+ 


k' 


*= A; 


/s- 


in which C denotes concentration, and f activity coeflBicient. The 
van^t Hoff equation, expressed in terms of fc', is 

The expression RT'^idlnk'/dT) gives what we call the apparent 
heat of dissociation Q'. This may be calculated from the titra- 



Fig. 2. Apparent heat of dissociation of oxyhemoglobin as a function 
of pH. • « values for the 25-37.7° interval; O =* values for the 6.5-26' 
interval. 


tion data at once without any knowledge of activity coefficientfi 
from the equation 


(7) 


Q' « RT^ 


a In k' 
" dT 


Q* is of course not the same as the true heat of dissociation Q, but 
in general it is very close to it, since In (/s-Z/sh) varies but little 
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with temperature regardless of its absolute magnitude* The fact 
that Q' involves only the temperature derivative of /s-//sh ^-nd 
not this quantity itself is of considerable importance for the more 
complex case about to be considered, since it shows that even 
very great modifications in the residue attached to a given disso- 
ciating group can have little or no effect on the apparent heat of 
dissociation in so far as they lead only to changes in fsn fs-j 
however great. Provided the acid is suflSciently weak in relation 
to its concentration and the pH of the solution to allow us to make 
the usual approximation of setting Cg- equal to the amount of 
base added,® the apparent heat of dissociation may be simply 
reckoned from the change of pH with temperature of a partially 
titrated solution containing a fixed amount of base, by the follow- 
ing equation, which results from Equations 6 and 7 

(« 

This method of reckoning Q' is the only one practicable in the 
more complex case which we will now consider, that of a poly- 
valent molecule, like a protein, containing n acid or basic groups. 
We shall treat all these groups as acid groups and express their 
dissociation in terms of n acidity constants k. For convenience 
of notation in what follows we shall omit the prime marks when 
referring to the acidity constants and apparent heats of dissocia- 
tion and shall use H to refer to the activity of the hydrogen ions, 
omitting the symbols a and +. We shall assume that the n 
groups are independent, so that the dissociation of each is un- 
affected by that of the others. As a result of the independent 
dissociation of these n groups there will be n -1- 1 classes of ions, 
to which we shall refer by subscripts 0, 1,. . . n. Each class is 
characterized by the total number of hydrogen ions dissociated, 
or, what amounts to the same thing, by the number of equivalents 

* The error involved in this approximation is 

Cs — Cb "f k ') 

Cbt “ kXCBU + Cg-) 

provided we assume the base to be completely dissociated, neglect the 
dissociation of water, and take Cb* «« oh^. 
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of base bound, per mole, and this number is the same as the sub- 
script. These n + 1 classes are all in equilibrium with one an- 
other, and the concentration Cs< of ions in the ^^th class may be 
expressed in terms of the concentration C&q of ions of the O'th 
class as follows: 


C&i Ki 

Cq, 


Each of the n constants K depends on the n individual fc’s and 
Ki is the sum of all the nl/(n— ^)!^! different products of i 
chosen from the total number of nfc^s. The total concentration 
of all the ions of all classes is 


( 10 ) 


4-1- 1) 




and the total amount of base bound is 

2K^ 


( 11 ) 


Cs 


/jTi 2K2 nKn\ p fy 


We have introduced the symbols A and G for convenience to 
refer to the two expressions in parentheses. The amount of base 
bound per mole of material is 


( 12 ) 


Q/A 


A formal differentiation of h in terms of In H and In Kxy . . In Xn 
gives 

(13) dlnX, 

\9 In H /jf. \d In Ki/H.Ki 


If 6 is constant and In H and In Ki. . . are expressed as functions 
of the temperature, this becomes, after multiplication by BT*, 

fi4i .ptJiisjK v 

iw ^ gj, ^^\d\nKijHidb/dln-H)Ki 

in which 


Qi = BT* 


a In Ki 
aT 


(16) 
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If we make use of Equations 10, 11, and 12 and remember that 
din xlbx =l/a;. Equation 14 becomes 



It follows from the structure of Ki that Qi consists of n\/i\{n — i ) ! 
terms all constructed in the same way, of which the first is 


k\kt • • • kiiqi + g* -I- • • • qd/Ki 

Each q is the apparent heat of dissociation of an individual group; 

== dlnki/dT. Qi is the apparent heat of dissociation 
for the total step from class 0 to class i: So— >S» + i hydrogen ions. 
Q' = RT^ (6lnH/ar)6 is the apparent heat of dissociation of the 
molecule as a whole and may be determined from the experimental 
data by Equation 1, as was done in constructing Fig. 2. 

When the q^8 are the same for all the groups and equal to g, 
Q' calculated from Equation 16 reduces to g, as we know it must. 
When the g^s are different, but the fc^s are all the same, it follows 
from the same equation that Q' is independent of pH and equal 
to the arithmetic mean of all the g^s. If the groups fall into two 
equal classes, each characterized by a given g and fc, then Q' is the 
same as for a simple dibasic acid with one group having one k and 
g, the other group having the other k and g. Equation 16 shows 
how in any given case Q' varies as the pH is changed. The sharp- 
ness of the transition of Q' from one level to the next and the sep- 
aration of the levek depend on the spacing of the successive pK’s 
as well as on the corresponding g’s and increase as the spacing 
increases. 

The behavior of Q' in a number of sp)ecial cases is illustrated in 
Figs. 3 and 4. Fig. 3 is for a molecule containing two groups hav- 
ing the constants pki and pk® > pki and heats gi and gs > gi. 
The ordinate gives (Q' — gi)/(ga — gi); the abscissa gives pH — 
(pki -4“ pk 2 )/ 2 . The curves are all symmetrical and in each case 
the value of the upper asymptote is given. The positions of the 
pk’s are shown by the circles.^ It may be seen that when the 

^ values of the abscissa for which pH » pki or pH pk|. 



J. Wyman, Jr. 


9 


Beparation of the pk’s is about 1.5 units or more the case is not 
very different from that in which the pk’s are infinitely separated. 



Fia. 3. The ordinates give (Q' — qi)/{q% — gi); the abscissas pH — 
(pki -h pkj)/2. Curve 1, pkj - pkj «; Curve 2, pk* — pki - 1.690; 
Curve 3, pk* - pki « 0.846; Curve 4, pk* — pki — 0.301. 



Fig, 4. The ordinates give (O' - gi)/(g* - gi); the abscissas pH - pk#. 
Curve 1, pki — pkj » pkj — pki « 0.846; Curve 2, pki ■» pks, pk* — pki 
« 1.690; Curve 3, pki « pkt, pki — pki « 0.846. 


Fig. 4 illustrates three cases of a molecule containing three groups 
characterized by pki and gi, pki > pki and qt > qi, and pkj ^ 
pki and q% = qt. The ordinates give (Q' — gi)/(gi — gO and 
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the abscissas pH pks. Here again the positions of the pk's 
are indicated with circles, and the values of the upper and lower 
asymptotes are given. 

In the light of this analysis it appears from Fig. 2 that over the 
range from pH 4 to pH 10 the dissociating groups of oxyhemo- 
globin fall into three classes on the basis of the heat of dissocia- 
tion. Members of Class 1 have an average apparent heat of 
dissociation of —2000 or —3000 calories, and are active in the 
acid range of the titration. Members of Class 2 have an average 
apparent heat of dissociation of about +6200 calories and are 
active in the middle range. Members of Class 3 have an aver- 
age apparent heat of dissociation of +11,500 calories and are 
active in the alkaline range of the titration. These three classes 
correspond to the three plateaus of Fig. 2, separated by two 
transition regions whose mid-points lie close to pH 5.5 and 
8.5 respectively. The right-hand transition is complete in about 
1 pH unit and this rather sudden transition suggests a wide sep- 
aration, 2 units or more, between the pk of the most alkaline 
group of Class 2 and that of the most acid group of Class 3, which 
must be, respectively, not more than about 7.5 and not less than 
about 9.5. With a separation of the nearest groups of the two 
classes as great as this the effect of other groups further to the 
right and left is negligible. 

In contrast to this, the left-hand transition in Fig. 2 occupies 
at least 2 pH units. This suggests that the separation of the pk 
of the last group of Class 1 and that of the first groups of Class 2 
is much less than 2 units and that other groups to the right and 
left have an effect. This situation when the groups are closely 
spaced is more complicated. Fig. 4 gives some idea of what may 
be expected. Curve 1, which represents the case where the three 
pk^s are equally spaced and separated by 0.85 unit, is the one in 
which the transition is most flattened and prolonged. The ad- 
dition of other groups to the right and left would serve to extend 
the transition slightly more and to shift the asymptotes toward 
+ 1 and —1, and with this modification Curve 1 is probably 
fairly representative of the acid transition of Fig. 2. We may 
conclude, therefore, that the pk of the most alkaline group of 
Class 1 is about 5 and that of the most acid groups of Class 2 
about 6. 
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Let us consider the amount of base bound by the groups of 
Class 2, having a heat of dissociation of 6200 calories. If we 
recall that more than 80 per cent of the titration of any acid group 
is accomplished within a space of 2 pH units centered about the 
pk value, we see that there can be very little overlapping as re- 
gards the base bound by these groups and those of Class 3. The 
latter do not begin to bind any considerable amount of base up 
to about pH 8.5 or more. In the range of the left-hand transition 
of Fig. 2 we may expect an appreciable amount of overlapping as 
regards base bound by groups belonging to Classes 1 and 2. 
Consideration shows, however, that owing to the roughly sym- 
metrical way in which the overlapping occurs we obtain approx- 
imately the correct result by attributing all the base bound on the 
alkaline side of the mid-point of the left-hand transition region 
of Fig. 2, i,e. pH 5.5 or 5.6, to the groups of Class 2 and all the 
base bound on the acid side of this point to groups of Class 1. The 
difference between the total amount of base boimd per gm. of 
protein at 25° between pH 8.5 and 5.5 read from the middle curve 
of Fig. 1 is 0.46 equivalent. This corresponds to 31 equivalents 
per mole. This is almost the same as the analytical figure for 
the number of histidine units per mole; namely, 33 (3, 5). Now 
the cliaracteristic heat of dissociation of the imidazole group of his- 
tidine is known to be 6200 or 6900 calories (6, 7). There can be 
little doubt therefore that Class 2 consists of the imidazole groups 
of the histidine units. Since the pH range covered by groups of 
Class 2 includes the range where the base-binding power of hemo- 
globin is affected by oxygenation (2), it must be certain of these 
groups which lie close to the oxygen-combining centers and are 
affected by the introduction of oxygen into the molecule. 

On the other hand, the groups of Class 1, the acid class, are 
certainly carboxyl groups. These are known to have a very small 
heat of dissociation, sometimes positive, sometimes negative, but 
never more than ±2000 or 3000 calories (6) and this agrees well 
with the observed heats. 

The remaining groups to be considered are the guanido groups 
of the 13 to 16 arginine units (4, 5), the amino groups of the 37 to 
44 lysine units (4, 5), the hydroxyl groups of the 12 tyrosine units 
(8), and the sulfhydryl groups of the somewhat uncertain number 
of cysteine units, given by chemical analysis of the hemoglobin 
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molecule* Data are lacking on the heat of dissociation of the 
sulfhydryl group, but that of the hydroxyl group in dihalogenated 
tyrosines is 800 to 900 (7), that of the guanido group of arginine 
is 12,400 (7), and that of the amino group is between 9000 and 
12,000 (7). All these groups dissociate at strongly alkaline reac- 
tions, but our results indicate that the strongly alkaline groups 
of Class 3 must be either the amino groups of lysine or the guanido 
groups of arginine. 

This analysis is in good accord with the recent results of Cohn 
and others (9) involving the titration of carboxyhemoglobin, 
which is believed in this respect to be like oxyhemoglobinj in the 
absence of salt. They have shown that between pH 1.5 and 13 
the curve involves in all the dissociation of 261 X 10^® equivalent 
of hydrogen ions per gm. or 174 equivalents per mole of hemo- 
globin, and they show that the data may be fitted within the 
accuracy of the experiments by assuming the presence in each 
molecule of fourteen groups of pk' = 11.6, forty of pk' 10.8, 
twenty of pk' 7.5, thirteen of pk' 5.7, four of pk' 4.8, and 83 of pk' 
3.7 or 4.0. They suggest, as our results confirm, that the thirty- 
three groups of pk' 5.7 or 7.5 are the imidazole groups of histidine. 
They also suggest that the forty groups of pk' = 10.8 are the 
amino groups of lysine, which accords with the heats that we 
have observed. 


SUMMARY 

The apparent heat of dissociation of a polyvalent substance 
like a protein is defined in terms of the effect of temperature on the 
titration curve. An analysis is given showing how this apparent 
heat of dissociation is related to the heats of dissociation of the 
individual groups of the molecule. From the observed variation 
of the apparent heat of dissociation with pH and a knowledge of 
the characteristic heats of dissociation of the individual groups it 
is possible to decide which groups are active in different ranges of 
the titration curve. 

The apparent heat of dissociation of oxyhemoglobin of the 
horse has been determined between pH 4 and 10. The data in- 
dicate that the groups active acid to pH ^ 5.5 are carboxyl groups, 
that those active between pH ^ 5.5 and pH ^8.5 are the imid- 
azole groups of histidine residues, and that those active alkaline 



J. Wyman, Jr. 


13 


to pH ~ 8.5 are either amino groups or the guanido groups of ar- 
ginine residues. From this it follows that the groups affected by 
oxygenation of hemoglobin are the imidazole groups of a certain 
number of histidine residues. 
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The choice of a method for the determination of cholesterol in 
biological samples is determined by two factors: (a) the time 
available for the analyses and (b) the degree of accuracy desired. 
Because of their extreme simplicity, the methods of Bloor (1) for 
total cholesterol and of Bloor and Knudson (2) for ester choles- 
terol are the methods of choice for many routine determinations. 
These methods make use of the Liebermann-Burchard color reac- 
tion applied to the blood lipids without saponification. In general, 
the results are 10 to 20 per cent higher than by the digitonin pre- 
cipitation methods and are sometimes affected by other colors in 
or produced by the blood extracts. For precise analytical results, 
it is necessary to use more exacting procedures. The following 
method has been in use in this laboratory for 2 years and, since all 
of the several steps are in common use in fat analyses, it is rela- 
tively simple in technique. No tricky procedures are involved in 
the method, nor is any special apparatus other than an ordinary 
colorimeter required. 

In brief, the method consists of the formation of insoluble choles- 
terol digitonide, either from the original or from the saponified 
sample. The digitonide, after purification with petroleum ether, 
is decomposed by boiling in benzene and the free sterols isolated 
by petroleum ether extraction. This material is assayed by the 
Liebermann-Burchard reaction. 

k 

Methods 

Preparation of Extract for Analysis 

Alcohol-ether extracts of the blood or tissue to be analyzed are 
made according to the classical methods of Bloor (3). Aliquots of 
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the filtered extract are chosen so as to contain approximately 
0.5 mg. of cholesterol. Since the method is intended to be used 
as an integral part of the general Bloor technique for differential 
lipid analysis, the reader is referred to his publications (3, 4) for 
the details of the extraction of the sample. 

Total Cholesterol — For the determination of total cholesterol, 
it is necessary to saponify the bound cholesterol before the pre- 
cipitation with digitonin. Evaporate a suitable aliquot of the 
sample to a paste in a 50 cc. Erlenmeyer flask on the steam bath. 
Mix 10 cc. of 1:1 alcohol-ether and 0.3 cc, of potassium hydroxide 
solution^ and add to the sample. Bring to a boil and set on the 
back of the steam bath or in the incubator at 37® for half an hour. 
At the end of this time, neutralize the sample by adding 1.0 cc. 
of dilute hydrochloric acid^ and evaporate to a paste on the steam 
bath. While the sample is still warm, add 10 cc. of petroleum 
ether and boil on the steam bath until about half of the petroleum 
ether has evaporated. Carefully decant the petroleum ether into 
a 15 cc. centrifuge tube without letting any of the aqueous layer 
pass over. Extract the residue a total of four times and concen- 
trate the sample to 0.5 cc. with the aid of a boiling rod.* 

Free Cholesterol — For the determination of free cholesterol, it 
is necessary to have a phospholipid-free sample, since, as has been 
shown by McEwen (5), digitonin causes the precipitation of phos- 
pholipid as well as sterols. In most cases, the acetone-soluble 
fraction from the phospholipid precipitation is available for this 
analysis. If only free cholesterol is to be determined in the 
sample, the phospholipid is precipitated according to the method 
of Bloor (3) and the acetone-soluble fraction concentrated to 0.5 
cc. with the aid of a boiling rod. 

1 Prepared by dissolving 35 gm. of 85 per cent potassium hydroxide and 
making to 100 cc. 

* Prepared so that 1.0 cc. is sufficient to make 0.3 cc. of the potassium 
hydroxide solution definitely acid to litmus. 

* Pull out a 10 inch length of 3 mm. glass rod so ’that the center is about 
0.5 mm. in diameter. Break in the center and heat the narrowed end in 
the fiame until a glass drop is formed which is about the same size as the 
original rod. While still hot, make a small hole in the bottom of the glass 
drop by pressing onto an inverted thumb-tack. This rod will permit 
solutions in centrifuge tubes to boil rapidly without bumping. 
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' Isolation of Cholesterol 

Add 4.0 cc. of the digitonin solution^ to the prepared sample in 
the centrifuge tube. Evaporate to dryness in a beaker of hot 
water on a hot-plate and dissolve the contaminating substances by 
boiling the precipitate in 12 cc. of petroleum ether. Remove the 
boiling rod and centrifuge the tube for 3 to 4 minutes. The flaky 
precipitate is usually well packed in this length of time and the 
supernatant liquid can be discarded. Repeat this extraction 
twice. If desirable, the decantates from the free cholesterol 
samples can be saved for saponification and determination of ester 
cholesterol. 

Replace the boiling rod in the centrifuge tube, add 7.0 cc. of 
benzene, and boil evenly and slowly for a total of 46 minutes. 
Replace the benzene as needed in the tube in order to keep the 
volume above 5 cc. At the end of the heating period, concentrate 
the benzene to 3 cc. and add petroleum ether to bring to 12 cc. 
while still warm. On stirring, the digitonin will be precipitated 
and can be centrifuged out. The technique of extraction is the 
same as before, except that this time the purified cholesterol is 
contained in the petroleum ether washings. To remove all of the 
cholesterol, three extractions are recommended. Combine the 
decantates in a 50 cc. Erlenmeyer flask and evaporate to dryness 
on the steam bath. Remove the last traces of solvent with a 
gentle stream of air. The sample is now ready for the actual 
determination of the cholesterol content. 

Colorimetric Assay 

Pipette exactly 5,0 cc, of chloroform into the sample, carefully 
rinsing down the sides of the Erlenmeyer flask. Decant this 
solution as completely as possible into a 10 cc. glass-stoppered 
graduated cylinder. Since the concentration and not the total 
amount is the measured factor in colorimetric determinations, 
it is necessary only to have the sample made up to a known vol- 
ume. Add 1.0 cc. of acetic anhydride and 0.1 cc. of concentrated 
sulfuric acid to both the sample and the standard solution. The 

* Make a 0.2 per cent solution of digitonin in 95 per cent alcohol by 
warming on the steam bath until the solution is clear. 
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standard solution contains 0,500 mg. of cholesterol in 6.0 cc. of 
chloroform. Mix the contents of both cylinders by inversion and 
set in a water bath at about 23° for 15 minutes under moderate 
light conditions. With a red Wratten color filter No. 29 placed 
over the eyepiece of the colorimeter, compare the sample with the 
standard. 


DISCUSSION 

Decomposition of Cholesterol Digitonide — Benzene has been 
found to be the most satisfactory reagent for the decomposition 
of the purified cholesterol digitonide. Xylene and pyridine have 
long been used to recover the expensive digitonin from samples, 
but these compounds, as well as the glacial acetic acid used by 
Yasuda (6) and by Smith and Marble (7), are high boiling and 
therefore difficult to remove from the purified cholesterol. In 
addition, the use of glacial acetic acid causes the formation of 
cholesterol acetate (7), which would then have to be saponified, 
since ester cholesterol cannot be quantitatively compared to free 
cholesterol in the colorimeter, as is shown below. 

Several compounds were tested as decomposing agents in addi- 
tion to those already named. Among these were a solution of 
sodium acetate in alcohol (recommended by Lifschiitz (8)), car- 
bon tetrachloride, toluene, alcohol, and benzene. Benzene was 
found to be the most practical. Apparently the decomposition 
is brought about by the heating process, since more time is re- 
quired for the quantitative liberation of the cholesterol when 
lower boiling reagents are used. 

Purification of Cholesterol before Assay — The discovery by 
Gardner and Williams in 1921 (9) that esterified cholesterol reacts 
with the Liebermann-Burchard reagents at a greater rate than 
free cholesterol has not been given the consideration that it 
deserves. This discrepancy is vitally important, as is shown in 
Fig. 1. These values were obtained by comparing the apparent 
cholesterol content of the sample after the color was allowed to 
develop for varying lengths of time, but with a fresh cholesterol 
standard for each time interval. The same amount of choles- 
terol (0.500 mg.) was present in each sample. The color in each 
standard was allowed to develop for 15 minutes at 23° after the 
addition of the color reagents. All data represent duplicate de- 
terminations, with the exception of the 16 minute values which 
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were repeatedly checked. The apparent recovery of the choles- 
terol when present as the palmitate is about 130 per cent. 

The original notation by Gardner and Williams (9) states that, 
'Tn the case of cholesteryl stearate the figures were slightly higher 
than truth.'^ No data are given for the stearate, but values for 
the benzoate and acetate are calculated to be 104.6 and 111.0 per 
cent, respectively. 

This phenomenon has been fully confirmed by Reinhold (10) 
who was apparently unaware of Gardner and Williams’ findings. 
In 1934, he reported that cholesterol palmitate gave about 120 
per cent apparent recovery, his own specific directions for the 



TIME ALLOWED FOR SAMPLE TO 
DEVELOP COLOR C MINUTES) 

Fig. 1. Rate of color development 

development of the color being used. If the ester had been pre- 
viously hydrolyzed, this enhancement effect was lost. Yasuda 
(11) reported this same phenomenon, while apparently unaware 
of both Gardner and Williams’ and of Reinhold’s work. Yasuda 
tested the chromogenic properties of cholesterol palmitate, stear- 
ate, oleate, and a sample of cholesterol esters prepared from pig 
serum. The enhancement effects were 24.5, 25.2, 27.6, and 23.0 
per cent, respectively. They probably account for the higher 
values obtained by Bloor ((1) p. 231) on unsaponified blood ex- 
tracts and may account for the fact that his ester percentages 
are lower than those obtained by Sperry (12). 

Because of this effect, it seems quite conclusive that for precise 
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Table I 

Recovery Analyses on Known Samples of Cholesterol Palmitate and 
Free Cholesterol 


Total oholoiterol recovery* 

Free cholesterol recovery t 

mg. 

per cent 

mg. 

per cent 

0.882 

99.6 

0.606 

101.2 

0.862 

97.6 

0.613 

102.6 

0.882 

99.6 

0.624 

104.8 

0.873 

98.5 

0.506 

101.2 

0.882 

99.6 

0.603 

100.6 

0.882 

99.5 

0.610 

102.0 

0.882 

99.5 

0.506 

101.2 

0.862 

i 97.5 

0.510 

102.0 

0.882 

99.5 



0.852 

96.0 



0.843 

95.5 



Average 

98.6 


101.9 

deviation 

1.3 

1 

0.9 


* Each sample contained 0.886 mg. of cholesterol as the palmitate. 
t Each sample contained 0.600 mg. of free cholesterol. 


Table II 

Cholesterol Analyses on Alcohol-Ether Extract of Plasma 


The values are given in mg. per cent. 


Sample No. 

Total cholesterol 

Free cholesterol 

Original 

extract 

Fortified 

extract* 

Original 

extract 

Fortified 

extract* 

1 

145.8 

196.0 

48.8 

99.0 

2 

149.0 

193.2 

49.2 

98.4 

3 

143.6 

192.0 

49.0 

96.6 

4 

147.3 

197.6 

49.8 

97.0 

5 

146.0 

192.0 

49.2 

97.6 

6 

142.4 

194.0 

49.8 

97.6 

7 

143.0 

196.2 

48.8 

98.0 

8 

145.0 

193.2 

49.0 

99.0 

Average 

deviation. . . . 

146.7 

1.7 

194.0 

1.6 

49.2 

0.3* 

97.9 

0.7 


* Original extract fortified by the addition of the. equivalent of 60 mg. 
per cent of free cholesterol. 
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work the Liebermann-Burchard reaction must be carried out with 
the cholesterol in the free form. Furthermore, since other lipids 
^ve varying degrees of color with these reagents, the cholesterol 
must be fairly free of contaminating substances. In the method 
reported here, the color is developed on a sample consisting of the 
digitonin-precipitable sterols freed from other lipids as well as 
from the digitonin, 

ReprodiLcibility of Method — Table I shows the results obtained 
with cholesterol palmitate for the total, and pure cholesterol for 
the free cholesterol determinations. It may be seen that the 
recovery is within the experimental error inherent in colorimetric 
readings. 

In Table II are reported the analyses on an alcohol-ether ex- 
tract of plasma. 50 cc. of plasma were extracted with 20 volumes 


Table III 

Summary of Recovery Experiments 


Cholesterol (8 de- 
terminations on 
each) 

Original 

extract 

Fortified extract 

Calculated 

Recovery 

Average 

deviation 


mg, per cc. 

mg. percc. 

mg. per oc. 

per cent 

per cent 

Total 

0.07290 

0.09790 

0.09700 

99.0 

4.6 

Free 

0.02460 

0.04960 

0.04895 

98.7 

1.6 


of 3:1 alcohol-ether, filtered, and aliquots taken for the analyses. 
This extraction was duplicated, 50 cc. of the same plasma being 
used, but 25 mg. of free cholesterol were added to the alcohol- 
ether before filtering, so that recovery in a biological sample could 
be tested. Recoveries, with average deviation values, are given 
in Table III. 

All of the several steps in the procedure have been examined to 
show that quantitative recoveries are possible. Sufficient data 
are recorded in the literature to show that the original extraction 
of the material to be analyzed is satisfactory (3, 4). The condi- 
tions for the precipitation of the digitonide are identical with those 
used by Bloor and Knudson (2), which time has shown to be 
satisfactory. The recovery analyses on pure cholesterol show 
that the decomposition with benzene is quantitative (and the 
Liebermann-Burchard reaction is classical). 



22 


Cholesterol Determination 


SUMMARY 

A micromethod for the quantitative isolation of the digitonin- 
precipitable sterols from biological samples has been devised. 
Colorimetric analysis of this material gives an accurate picture 
of the true cholesterol content of the sample, because of the ab- 
sence of the naturally occurring contaminants which usually 
affect the Liebermann-Burchard reaction. Both free and total 
cholesterol analyses can be made on the same sample. 

The author wishes to acknowledge the helpful advice of Dr. W. 
R. Bloor throughout the course of this investigation. 
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Purified rations have been used in vitamin studies with rats for 
many years but it is only very recently that it has been possible 
to supply an appreciable number of the vitamins in pure form. 
Three members of the vitamin B complex are now available com- 
mercially, and vitamin Be is available on an experimental basis 
(Lepkovsky (1), Keresztesy and Stevens (2), Gyorgy (3), and 
Kuhn and Wendt (4)). When rats are placed on purified diets 
low in the vitamin B complex but supplemented with thiamine, 
riboflavin, nicotinic acid, and concentrates or crystals of vitamin 
Bfi, very poor growth results. It is evident that other factors 
are needed. There is considerable work in the literature showing 
that certain concentrates will prevent the deficiency; however, 
the degree of improved growth reported by the different labora- 
tories varies greatly. 

Lepkovsky, Jukes, and Krause (5) were probably the first to 
show the need in rats of a factor distinct from thiamine, riboflavin, 
and vitamin Be. Since this factor remained in the filtrate after 
the removal of riboflavin and vitamin B® by adsorption, it was 
called the ^^filtrate factor.” Elvehjem and Koehn (6) had shown 
that the filtrate fraction was active in the prevention of chick 
dermatitis, and Lepkovsky et al. (5) found that concentrates which 
were free from vitamin Be (Factor 1) were active both for the 
prevention of dermatitis in chicks and growth in rats. For some 

♦ Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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time this fraction was related to the antipellagra factor but Jukes 
(7) threw some doubt on the identity of the chick factor and the 
antipellagra factor from studies on distribution. It is now known 
that nicotinic acid, the antipellagra factor, is distinct from the 
chick factor (Fonts et al (8), Dann and Subbarow (9), Mickelsen, 
Waisman, and Elvehjem (10)). 

The recognition of nicotinic acid as an essential factor immedi- 
ately raised the question of whether it was the factor in the filtrate 
required by the rat. Several workers (9, 11-13) have shown that 
nicotinic acid cannot be used in place of the filtrate fraction for 
rats. Frost and Elvehjem (14) obtained some growth in rats 
with nicotinic acid, but their basal ration contained 12 per cent 
of corn. Von Euler et al. (15) got a response with cozymase and 
alkali-inactivated cozymase only after adding a yeast-fullers' 
earth filtrate preparation. 

Most workers have removed vitamin Be by adsorption on ful- 
lers' earth from which it can be eluted with various reagents. It 
has been assumed that the filtrate and eluate each carried only 
one factor. Elvehjem, Koehn, and Oleson (16) found, however, 
that, when liver extract was used as starting material and treated 
with alcohol and ether to precipitate a large bulk of the soluble 
material, the filtrate produced no growth in rats receiving ribo- 
flavin and vitamin until the precipitate was also added. The 
filtrate contained the chick antidermatitis factor and nicotinic 
acid, but whether it contained another factor essential for rats 
in addition to that in the precipitate was not established. Fur- 
ther studies on the precipitate have been made by Frost and Elve- 
hjem (14), and the fraction has been designated Factor W. The 
properties of the so called filtrate factor have been studied by 
Lepkovsky, Jukes, and Krause (5), Halliday and Evans (17), 
Edgar and Macrae (18), and Schultz and Mattill (19). It is 
evident that some of the properties reported are similar to those 
given for Factor W. 

Further evidence for the multiple nature of the eluate fraction 
has been given by Gyorgy el al. (20), who obtained a new defi- 
ciency in rats when they were fed purified concentrates of vitamin 
Be but not when crude concentrates were used. Other factors 
recently reported which are concerned with rat growth are the 
grass juice factor of Kohler, Elvehjem, and Hart (21) and vitamin 
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B 4 (Kline, Elvehjem, and Hart (22)). Thus it is evident that 
the wateiH3oluble group consists of a larger number of individual 
essential factors than is usually recognized. 

The results reported here have been obtained during the past 
2 years from studies on several phases of the vitamin B complex 
but are combined in one paper because liver extract has been used 
in the preparation of all the concentrates. It may be valuable to 
compare our r^ults with those obtained by other workers using 
concentrates from yeast and rice polishings. 

Since rather crude concentrates have been used, it is possible 
that several factors are concerned. In fact the evidence points 
to this conclusion. Some time will be required before a complete 
picture is obtained, but a careful comparison of the work from 
different laboratories should decrease the time necessary to clarify 
the point. 


EXPERIMENTAL 

Rats from the stock colony were used in all of this work. The 
litters, with their mothers, were placed on raised screens during 
the last week of the suckling period. During this time the young 
were given access to the experimental ration only and the mothers 
removed to another cage for feeding. This enabled us to produce 
rats with a more uniform store of some of the factors concerned. 
At weaning the young were given the basal ration ad libitum or 
the basal ration plus the various supplements. All of the rats 
were kept in individual cages. 

A number of different rations have been used but only a few 
will be described here. All the rations contained sucrose 76 to 78 
gm., casein 18 gm., and Salts I, 4 gm. The supplements added in 
four of the rations are given in Table I. 

The casein was prepared from skim milk, reprecipitated three 
times, and extracted four times with boiling alcohol. Salts I 
has been described by Phillips and Hart (23). Several different 
preparations of thiamine and riboflavin were used throughout the 
work, but in the more recent series Merck’s ci:ystallme vitamin Bi^ 
and synthetic riboflavin (Hoffmann-La Roche) have been used. 
Crystalline riboflavin, prepared from milk concentrates and kindly 

1 We are indebted to Dr. R. T. Major, Merck and Company, Inc., for 
a generous supply of vitamin Bi. 
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furnished by Dr. S. Lepkovsky, was used in many of the earlier 
experiments. The carotene was fed as a water suspension at a 
level twice that recommended by Guilbert et oil, (24). The per- 
comorph oil supplied about 6000 i. u. of vitamin A per rat per 
week. Eastman’s nicotinic acid and choline were used. The com 
fatty acids were prepared by saponification and acidification of 
Mazola oil, followed by several washings and reprecipitation. 

Rats placed on either of the above rations grew very poorly. 
Chart I shows typical results obtained with rats on the various 
rations. The growth curve for only one rat on each ration is given 


Table I 

Supplements Added to Basal Components of Rations 


SupplementA 

Ration 

J28 

J24 1 

J20 

J30 


Per 100 parte of ration 

Per rat per day 

Thiamine 

0.12 mg. 

0.12 mg. 

0.12 mg. 

5 micrograms 

Riboflavin 

0.12 

0.12 “ 

0.12 “ 

20 “ 

Nicotinic acid 



300 

1 mg. 

Choline 



500 

1 “ 

Corn fatty acids 


2 gm. 




Per rat per wk. 

Carotene 

35 micrograms 




Irradiation 

15 min. 




Percomorph oil 


2 drops 

2 drops 

2 drops 


but identical results have been obtained with large numbers of 
rats. When these rations were supplemented with liver extract, 
good growth was generally obtained. The growth obtained when 
Rations J23 and J24 were supplemented with 0.25 gm. of liver 
extract per day or 2 per cent in the ration is shown in Chart I for 
comparison. It is evident that liver extract supplies most of the 
missing factors, although restricted growth has been obtained 
under certain conditions. These results will be discussed later. 

Typical acrodynia developed in over 90 per cent of all the rats 
placed on either of these rations in 4 to 6 weeks. The region about 
the nose became erythematous, denuded, and eroded. The nose 
was usually moist owing to a nasal discharge. The paws became 



Oleson, Bird, Elvehjem, and Hart 


27 


red, swollen, and raw. Only a few eases of encrusted ears were 
observed. These results agree with those obtained by practically 
all workers using similar diets for the production of vitamin Be 
deficiency. Although these diets are low in several factors, the 
d(‘rmatitis is the first symptom to appear and can thereof ore lx* 
used with some reservation for vitamin Be assays. 

When th(* rats were allowed to continue on the basal rations, 
some rats died but all those that survived showed additional symp- 



CiiART 1. 'Fhe growth and symptoms obtained in animals re(;eiving tlx* 
basal rations aloix* and supplemented with liver extra(tt. D, indicates tlx* 
occurrence of acrodynia; S, spectacled eye; paralysis; f/, hemorrhagic 
disease. 

toms. An erosion set in about the eyes, imparting to the rats a 
s})ectacled appearance. The lids b('(‘ame denuded and scaly. 
In many cases the (*yes wen' closed by a sticky (‘xudate. A second 
condition was characterized by subcutaneous hemorrhages or ])ur- 
pura of the paws and bleeding from the nose. The animals did 
not survive long after these symptoms developed. Some of the 
animals showed a definite reduction in the hemoglobin content of 
the blood. 
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A large number of the rats also exhibited a very eharacteristie 
form of paralysis. The rats walked with a very high spastic 
gait as though there was a hypertonicity of the extensor muscles. 
They set'ined to experience extreme difficulty in locomotion with 
some loss of equilibrium, due probably to the awkward position 
which they assumed. 

The sp(‘ctacled eye condition and paralytic condition are shown 
in Figs. 1 and 2. Th(‘ sequence of th(‘ onset of the last thr(‘e symp- 
toms varied in different groups of rats, but they all be(*am(‘ evi- 
(l(‘nt within a ratlu'r sliort period of time. A typical example of 



Fm. 1 Fm. 2 


Fjc. 1. Typicnl spootaclod eye eonditioii. The rat was given Uation 
.121) until aerodynia developed and then the eluate was added, after which 
the (h'rniatitis was cured and the eye condition appeared (Rat 10244). 

Fkj. 2. Typical hunched position of a rat suffering from the paralysis 
symptoms, d’he rat has severe dermatitis as well (Hat 11643). 

tlic variation in order of dcv('lopmont is shown in the rats on Rji- 
tions J29 and J30 (Ohart I). It is also interesting to not(‘ that 
the rats receiving nicotinic acid and choline generally surviv(‘d 
longer after developing aerodynia and thendore were more lik(dy 
to show the other symptoms. 

The ‘'spectacled eye'’ condition has been deseri})ed by several 
investigators as a part of the so called “rat pellagra syndrome.” 
Goldberger and Lillie (25) and Bourquin and Sherman (26) re- 
ported its occurrence on their rations. Robinson and Newton 
(27) produced this condition quite consistently. Lepkovsky, 
Jukes, and Krause (5) report a spectacled appearance in their 
rats on rations low in the “filtrate fa(‘tor,” thus narrowing down 
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the etiology of this condition. The rats of Sjollema (28) and 
Karrer et al, (29) had an erosion about the eyes, which was cured 
with lactalbumin and flavin pho^hate respectively. We have 
found this condition to occur along with or independently of 
acrodynia. This condition appears to be somewhat similar to that 
found in chicks suffering from dermatitis (30-32). 

The hemorrhagic type of deficiency resembles the panmyeloph- 
thisis described by Gyorgy et al. (20). Gyorgy (33) later reported 
its prevention with nicotinic acid. We have found that nicotinic 
acid did not prevent the condition observed in our rats. The 
deficiency occurs on our basal ration alon^ or plus various supple- 
ments, although the incidence is much less than that of the other 
deficiencies. We cannot state at this time whether the condition 
is panmyelophthisis or not since the blood picture of the deficient 
animals has not been studied. 

The paralysis observed is quite probably the same as that ob- 
served in vitamin B 4 deficiency (22). The work reported in this 
paper indicates that each of these deficiencies is due to the lack 
of separate essential factors. 

Lepkovsky et al, (5) succeeded in separating vitamin B# from 
the ^^filtrate factor” by adsorbing the former on fullers^ earth. 
We have utilized this procedure in our experiments. Our source 
material was a liver extract preparation from The Wilson Labora- 
tories which was a by-product in the manufacture of the pernicious 
anemia fraction.* When fed to rats at a level of 2 per cent in the 
ration or 250 mg. per day, a fair rate of growth was obtained and 
no deficiency symptoms appeared. The procedure adopted for 
the fractionation of the liver extract was as follows: To 100 gm. 
of liver extract were added 20 cc. of water, 1 liter of acetone, and 
1 cc. of concentrated HjS 04 . The mixture was shaken in a 2 liter 
bottle vigorously for 10 minutes according to the method of 
Frost and Elvehjem (14). The solids were allowed to settle and 
the supernatant liquid was decanted off. This process was re- 
peated six times. The combined extracts were concentrated in 
vacuo and the H2SO4 was removed with Ba(OH)i. The solution 
was filtered, diluted to 800 cc. with water, acidified with 20 cc. of 
concentrated H2SO4, and shaken with 50 gm. of English fullers' 

* The liver extract preparation was supplied to us by Dr. David Klein. 
The Wilson Laboratories, Chicago. 
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earth. The adsorbate was filtered off and washed with water. 
The wash water was added to the filtrate. The process was re- 
peated with three additional batches of fullers’ earth. The com- 
bined filtrate and washings were neutralized with Ba(0H)j, fil- 
tered, and concentrated in vacuo. 

The combined adsorbates were washed once with a liter of 
acidified water. The elution was carried out by shaking the ful- 



Chabt II. The effect of the liver fractions on the growth of animals 
and the symptoms obtained. Procedure I, fullers’ earth eluted with 
Ba(OH)]; Procedure II, fullers’ earth eluted with pyridine. Symbols as 
in Chart I. 

lers’ earth twice with 500 cc. of 1 N Ba(OH)* for § hour each time. 
The fullers’ earth was filtered off, washed, and discarded. The 
combined eluates were neutralized with H»S 04 , filtered, and con- 
centrated in vacuo. These preparations will be referred to as the 
“filtrate” and “eluate” respectively. 

The results obtained when these concentrates were added to 
Ration J29 are shown in Chart II. When the filtrate alone was 
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fed, the rats developed typical acrodynia in 5 to 6 weeks. Their 
growth was not promoted by this supplement. However, the 
spectacled eye condition did not develop. When the eluate alone 
was fed, the acrodynia was prevented but the erosion about the 
eyes did appear. The feeding of both fractions prevented the 
appearance of any visible symptoms but the combined fractions 
did not promote normal growth in the animals, indicating that 
some factor was destroyed by the procedure or was not eluted 
from the fullers^ earth. In this way the factors preventing 
acrodynia and the eye erosion could be separated into two frac- 
tions. 

Since there were several possibilities for loss of additional growth 
factors in the above separation, a less drastic procedure was used. 
100 gm. of liver extract were diluted to 800 cc. with water and 
placed in a 2 liter flask. 40 gm. of English fullers^ earth were 
added and the contents shaken by a gentle rotatory motion for 
i hour. The fullers^ earth was filtered, washed, and the wash 
water combined with the filtrate. This process was repeated two 
more times. The filtrate was concentrated in vacuo and made to 
definite volume. The fullers’ earth was eluted with pyridine and 
methyl alcohol in the usual way. 

Typical results obtained with these fractions when added to 
Ration J30 are shown in Chart II. No better growth was ob- 
tained on the individual fractions, but when they were fed in 
combination a greater initial growth was observed. However, 
the rats again ceased growing after the first few weeks. The symp- 
toms of acrodynia and spectacled eye were prevented completely 
when both the filtrate and eluate were fed but evidently even this 
mild treatment of the liver extract allowed the partial loss of other 
essential factors. 

It is very probable that the growth-promoting property of the 
liver extract which was lost during fractionation is related to Fac- 
tor W. Frost and Elvehjem (14) found considerable loss of this 
factor when certain types of adsorbing agents were used. The 
addition of Factor W concentrates actually produced definite 
improvement in the rate of growth. For a time we hoped to 
introduce purified concentrates of this factor into the basal ration 
in order to intensify some of the other symptoms. Growth re- 
sponses were obtained with both the mercury precipitate and 
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mercury filtrate fractions of Frost and Elvehjem but symptoms of 
acrodynia were also prevented. Halliday and Evans (34) found 
that the alcohol-ether precipitate from whole liver contained large 
amoimts of vitamin Be, and evidently some Be is carried along in 
the final concentration procedures. The complete lack of growth 
which resulted in these studies with concentrates of vitamin Be 
sufficiently potent to prevent acrodynia gives further evidence 
for the existence of Factor W distinct from vitamin Be. Pure 
preparations of Factor W will be valuable additions to the basal 
ration. 

Further evidence for the existence of lesions other than those of 
acrod 3 mia were obtained through the use of crystalline vitamin Be. 
A generous supply of the crystalline material was kindly furnished 
by Dr. Lepkovsky. In confirmation of Lepkovsky’s report, the 
crystals were found highly active at a level of 10 micrograms per 
day. A comparison of the results obtained with the eluate and 
the crystals on Ration J30 alone is given in Chart III. When 
either supplement was used, the spectacled eye condition appeared 
after the acrodynia was cured. This has been true in almost all 
of our rats. The response obtained by adding the vitamin Be 
crystals to Ration J30 plus filtrate is also shown in Chart III. 
In this case a more definite growth response resulted, but it does 
not compare with that reported by Lepkovsky (1). The growth 
factor is evidently more labile in the liver extract which we used 
than in the rice bran extract or liver preparation used in Lepkov- 
sky ’s work. When vitamin Be crystals were added to Ration J30 
from the beginning, all the additional symptoms except acrodynia 
appeared. Other typical results are shown in Chart III. In a 
total of twenty rats on this regimen, the incidence of the hemor- 
rhagic condition has not been so high as the spectacled eye con- 
dition. However, since the hemorrhagic condition appeared more 
frequently when the crystals were used than when the concentrate 
was fed, it appears that the factor concerned must be adsorbed on 
the fullers’ earth along with vitamin B#. This result is in agree- 
ment with that reported by Gyorgy. The possibility that the 
hemorrhagic condition is related to vitamin K deficiency has not 
been definitely eliminated. 

It is evident from the above work that the filtrate fraction 
definitely carries the factor necessary for the prevention^ of the 
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spectacled eye condition and may or may not carry appreciable 
amounts of other growth factors. Since Koehn and Blvehjem 
showed the fraction of the crude alcohol-ether precipitate (Factor 
W) to be completely inactive in the prevention of chick dermatitis, 
it appears that the spectacled eye factor is most likely to be the 
factor in the fiOitrate which might be related to the chick anti- 
dermatitis factor. 



Chart III. The occurrence of deficiency symptoms in rats receiving 
various supplements. Symbols as in Chart 1. 

Crude concentrates prepared from liver extract and shown to 
be highly active in the prevention of chick dermatitis (Woolley, 
Waisman, Mickelsen, and Elvehjem (35)) brought about rapid 
cure of the spectacled eye condition but very little improvement 
in growth. More highly purified fractions *did not give as con- 
sistent results. Definite conclusions regarding the identity of 
the factor necessary for the prevention of the spectacled eye con- 
dition in rats and the chick antidermatitis factor must be with- 
held until more hi^ly purified fractions are used. 
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In order to remove the suspicion that the eye condition might be 
related to a faulty vitamin A ingestion, the livers from some of the 
rats showing typical symptoms were removed and analyzed for 
vitamin A by the SbCU method as outlined by Carr and Price 

(36) . The following results were obtained: for Rats 10714, 
11811, 11814, and 11834, 275, 148, 150, and 98 total blue units 
respectively. 

The inclusion of our filtrate or crystalline vitamin Be in the 
rations will not prevent the paralysis. The factor preventing the 
paralysis is present in our eluate. One rat was cured rapidly 
when fed 0.6 gm. per day of dehydrated barley-grass. McHenry 

( 37 ) reported that rats deficient in choline exhibited a paralysis 
similar in appearance to that attributed to a deficiency of vitamin 
Bi. However, we have seen many cases of the paralysis in rats 
receiving 1 mg. of choline per day. Work from this laboratory 
indicates that choline is inactive in preventing vitamin B 4 de- 
ficiency in chicks.® 

Sjollema (28) reported that leucine, isoleucine, and lactalbumin 
would cure rat acrodynia. We tested these substances on rats 
receiving Ration J29 or Ration J29 plus the filtrate fraction and 
observed the effects on all the symptoms described above. The 
amino acids were fed at levels of 50 and 100 mg. per day to each 
rat and the lactalbumin was fed at 4 and 8 per cent of the ration. 
Harris^ vitamin-free lactalbumin and synthetic amino acids were 
used in these experiments. The results obtained with some of the 
rats are shown in Table II. In most cases the above supplements 
were entirely inactive in the prevention or cure of acrodynia, but 
in a few cases a slight to definite activity was noted, but in all of 
these cases the effect was only temporary. The results were com- 
plicated by the appearance of other deficiency symptoms which 
may have some effect on the results obtained. Lunde and Kring- 
stad (38) have been unable to confirm Sjollema’s results. 

The poor growth obtained with the fractions from the liver ex- 
tract needs further consideration in light of the results obtained 
by other workers. Edgar and Macrae (39) report the same rate 
of growth when they used a yeast extract autoclaved at pH 6.0 
as when they used the unautoclaved material. We have repeated 

• Bird, Oleson, Elvehjem, and Hart, unpublished data. 
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this treatment with liver extract and obtained qiiite different 
results. Growth records of rats fed Ration J29 plus 2 per cent 
untreated Uver extract and the same material autoclaved for 6 


Table II 

Effect of Leucine, laoleucine, and Lactalhumin Additions on Acrodynia and 
Other Deficiency Symptoms; Basal Ration J$9 Used Throughout 


Bat 

No. 

Fil- 

trate 

Supplement 

Aorodynia 

Otlier f ymptoAu 



Additions made from beginning 


11321 

- 

126 mg, leucine per 
day 

Not prevented 

Paralysis 

11322 

— 

12% casein 

ti it 

** hemor- 

rhagic condition 

11323 

— 

8% lactalhumin 

n n 

Paralysis 

11324 


126 mg. isoleucine 
per day i 

Slight 


10963, 

— 1 

4% lactalhumin 

Not prevented 

Paralysis 

10883 

-h 

26 mg. leucine -f 

26 mg. isoleucine 
per day 

No dermatitis 

Hemorrhagic con- 
dition 

10881 

— 

60 mg. leucine per 
day 

Not prevented 


10873 


4% lactalhumin 

ti tt 

Paralysis 


Additions made after dermatitis developed 


10711 

+ 1 

60 mg, leucine per 
day 

Slight improvement 


10291 

- 

1% isoleucine 

Marked 

Spectacled eye 

10292 

— 

0.6% 

No improvement 


10664 

-f 

4% lactalhumin 

Some improvement! 

Hemorrhagic con- 
dition 

10871 

+ 

60 mg. isoleucine 
per day, increased 
to 100 mg. 

Slight 

Paralysis 

10874 

+ 

60 mg. leucine per 
day, increased to 
100 mg. 

V. 

** symptoms; 
nearly cured but 
symptoms reap- 
peared 

Paralysis; specta- 
cled eye 


hours at 120® and 15 pounds pressure are shown in Chart IV. 
It is evident that a very large percentage of the growth-promoting 
property of the liver extract is destroyed by autoclaving. The 
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irradiation of the liver extract with a quartz mercury vapor lamp 
also diminished the activity of the liver extract to some extent. 
However, in each case the rats showed no symptoms except the 
retarded growth. 

It is quite likely that the stability of certain factors varies in 
different products, but we must not overlook the fact that the 
rations used in the different laboratories have varied considerably 



Chart IV. The growth-promoting power of liver extract when auto- 
claved and irradiated. 

in composition. Lepkovsky (1) used 10 parts of lard and Edgar 
and Macrae (39) used 12 parts of cottonseed oil and 3 parts of 
lard. It is known that the kind and amount of fat in the ration 
has a definite effect on the incidence and cure of vitamin Be de- 
ficiency in rats (40-43). Birch (44) has recently discussed the 
relation of fat and vitamin Be. 

We too have found that the addition of 0.25 cc. of com oil or lard 
to Ration J30 per rat per day causes definite improvement in the 
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acrod 3 niia, but little if any growth results. The incidence of 
spectacled eye, paralysis, and hemorrhagic condition was also 
greatly reduced in the rats getting the fat addition. In addition 
to this effect, certain fats seem to give improved growth even in 
addition to liver extract. Results in Chart I show that 0.25 gm. 
of liver extract per rat per day in addition to Ration J23 and J24 
produced a growth of about 3 gm. per day. Similar results have 
been obtained when Rations J29 and J30 were used for rats from 
certain litters. Other rats, however, have grown poorly on these 



Chart V. The effect of adding fat and dextrin to the basal diets sup- 
plemented with liver extract. A indicates no supplement; B, 0.12 gm. of 
linoleic acid per day; C, 0.25 gm. of corn oil per day; D, 0.25 gm. of trilaurin 
per day; Ej sucrose replaced by extracted dextrin. 

rations plus liver extract at 0.25 gm. per day or even 0.5 gm, per 
day. 

Some of the typical results obtained when fats were added in 
addition to liver extract are shown in Chart V. Rats from two 
litters are shown to illustrate the difference in response to liver 
extract alone. The addition of 0.25 cc. of corn oil per rat per day 
has always given a definite improvement in growth regardless of 
the response on the control ration. Since almost 50 per cent of the 
fatty acids in com oil may be linoleic acid, it was fed to some of the 
rats at a level of 0.12 cc. per day. The linoleic acid also produced 
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an increased rate of growth, but the response to it has never been 
as complete or as uniform as with com oil. In contrast to the 
effect of com oil and linoleic acid, trilaurin has given completely 
negative results. The effects which have been observed may be 
related directly to a deficiency of unsaturated fatty acids, since 
both our ration and liver extract are undoubtedly deficient in un- 
saturated fatty acids. However, we have dealt only with growth 
effects and have not seen any of the typical symptoms generally 
encountered in unsaturated fatty acid deficiency. 

Another interesting observation in this connection is that rats 
which show retarded growth on Ration J29 plus liver extract 
resume normal growth when the sucrose in the ration is replaced 
by an equal amount of dextrin. Rats placed on the dextrin diet 
from the start have always grown better than those placed on the 
sucrose diet. At first we felt that the dextrin might be supplying 
some fat-soluble material but when the dextrin was extracted with 
boiling alcohol for 2 hours and boiling ether for 2 hours the growth 
stimulation was not lost; in fact the rats receiving the extracted 
dextrin grew better than those getting the crude material. Again 
we are at a loss to explain the stimulating effect. It is, however, 
entirely possible that the presence of dextrin may influence the 
intestinal flora and allow synthesis of the lacking essential factors. 
Taylor and Lehrman (45) found starch to contain appreciable 
amounts of unsaturated fatty acids. 

DISCUSSION 

The use of chicks and dogs in addition to rats as experimental 
animals in studies on the fractionation of the members of the vita- 
min B complex has aided progress in this field to a considerable 
extent. It is logical to expect that different symptoms will be 
observed as the first deficiency when different animals are used and 
when slightly modified basal rations are fed. Thus we find that 
on rations relatively low in the vitamin B complex plus thiamine 
and riboflavin the first noticeable symptom in rats is acrodynia, 
in dogs black tongue, and in chicks chick dermatitis. Each de- 
ficiency is due to a separate and distinct factor. Temporary 
difliculties have arisen from conclusions that crude concentrates 
active in the treatment of deficiencies in two different species con- 
tain but one factor. There has been considerable hesitancy in 



Oleson, Bird, Elvehjem, and Hart 


39 


accepting new and distinct factors, but we now have many ex- 
amples where one concentrate carried several different factors. 
One of the best examples was the close correlation between the 
chick antidermatitis activity and anti-black tongue activity of 
concentrates from liver extract until the final isolation of nicotin- 
amide. Differentiation of specific factors in various vitamin B 
concentrates has been discussed very recently by Dann and Sub- 
barow (9) and Fonts, Helmer, Lepkovsky, and Jukes (46). The 
work reported in this paper is merely an extension of such results. 

Evidence is presented to show the ^'eluates,'^ ^^filtrates,^' and 
‘^precipitates” prepared by different workers may be complex 
mixtures of active substances. The eluate fraction as prepared 
in this study contains not only vitamin Be but the factors neces- 
sary for the prevention pf paralysis and the hemorrhagic condition. 
The use of pure vitamin Be allows the development of the addi- 
tional symptoms. It carries very little if any of the growth factor, 
which we have designated Factor W. 

The filtrate fraction carries the factor necessary for the pre- 
vention of the spectacled eye condition but a reduced amount 
of Factor W and possibly other growth factors. The filtrate frac- 
tions prepared by Lepkovsky and Jukes (32) and Edgar and 
Macrae (18) seem to carry the growth-promoting factors. It is 
obvious that the term filtrate factor cannot be used unless it is 
used for only one of these factors. 

The filtrate fraction also may carry the chick antidermatitis 
factor and nicotinic acid. That is why it is impossible at the 
present time to decide whether the chick antidermatitis factor and 
rat spectacled eye factor are separate factors and whether nico- 
tinic acid is essential for the rat. If the essential nature of nico- 
tinic acid is to be tested, all the other factors must be supplied and 
it is not possible yet to prepare all the factors free of nicotinic 
acid. 

Similarly the alcohol-ether precipitate of Elvehjem, Koel^n, and 
Oleson (16) and even more purified preparations of Factor W 
carry vitamin Be and probably other factor's. In the work on 
Factor W the relation of vitamin Be is eliminated because the 
basal ration carries adequate amounts of this vitamin. The 
differentiation of factors related to specific pathological S3mdromes 
is more readily attained than separation of those related only to 
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growth. Therefore the growth-promoting property of liver ex- 
tract may again be multiple in nature. Further work on Factor W 
in this laboratory indicates that this may be the case. 

The work is further complicated by the importance of fat and 
dextrin for optimum growth when liver extract is used as the 
source of the water-soluble vitamins. Whether the growth effect 
is due to a separate entity or whether the effect is related to un- 
saturated fatty acids and vitamin B« cannot be decided until more 
work is done. Each of the factors included in this paper needs a 
great deal more study but we have intentionally discussed all the 
factors in one paper in order to point out possible relationship. 

SUMMARY 

1. Four different deficiency symptoms have been produced in 
rats on synthetic diets low in the vitamin B complex but adequate 
in thiamine, riboflavin, choline, and nicotinic acid. They are 
acrodynia, paralysis, hemorrhagic disease, and spectacled eyes. 

2. Crystalline vitamin Be was very active in preventing acro- 
dynia, but inactive in preventing paralysis, hemorrhagic disease, 
or spectacled eye condition. 

3. The relation of these deficiencies to known members of the 
vitamin B complex is discussed. 

4. Further evidence of the need of Factor W for growth was 
produced. 

5. The importance of the dietary fat and carbohydrate in rela- 
tion to growth was demonstrated. 
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HOMOLOGUES OF Z-CARNOSINE: 7-AMINOBUTYRTL- 
Z-mSTIDINE AND GLYCYL-Z-HISTIDINE 

By MADISON HUNT and VINCENT du VIGNEAUD 

{From the Department of Biochemistry f School of Medicine^ 

George Washington University^ Washington) 

(Received for publication, October 18, 1838) 

The demonstration that a-Z(+)“alanyl-Z(— )-histidine and a- 
d(— )-alanyl-Z(— )-histidine did not exert an effect on the blood 
pressure in contrast to camosine, /S-alanyl-ZC— )-histidine, em- 
phasized the importance of the presence of the amino group in the 
position of the /3-alanyl moiety of camosine ( 1 ). However, the 
question arose as to whether the pharmacodynamic action was 
dependent upon the presence of the jS-amino group per se or 
whether it was really due to the fact that the i5-alanine had an 
amino group in the terminal position. We wondered whether 
other peptides of histidine with the terminal amino groups in the 
acyl portion might likewise possess depressor activity. To throw 
some light on this question we decided to synthesize the next 
higher and lower homologues of Z-camosine, namely 7 -amino- 
but 3 n^yl-^histidine and glycyl-Z-histidine, respectively, and com- 
pare their effect on the blood pressure with Z-camosine. The 
relation of these peptides to Z-camosine is shown in the accom- 
panying structures. 

A synthesis of glycyl-Z-histidine has already been reported by 
Abderhalden and Geidel (2). Their peptide, prepared through 
amination of the chloroacetyl derivative of histidine, was an 
amorphous preparation and no crystalline derivatives were re- 
ported. 

The synthesis of the crystalline glycyl-Z-histidine hydrochloride 
reported in the present paper was accomplished by condensation 
of carbobenzoxyglycyl chloride with histidine methyl ester by 
the general procedure of Bergmann and Zervas (3). 
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7-Ammobut3nryl-l-hi8tidine was synthesized in like manner. 
It was isolated as the crystalline sulfate. 
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T-Aminobutyryl-i-histidine 

The carbobenzoxy-7-ainmobutyric acid employed in this syn- 
thesis was prepared from /S-bromopropionic acid which was con- 
verted to the nitrile and then reduced to give y-aminobutyric 
acid. The highly insoluble carbobenzoxy derivative was em- 
ployed to isolate the amino acid from the reaction mixture. 

Both peptides, in 20 times the dose of i-camosine, were found 
to possess no effect on the blood pressure of cats under amytal 
anesthesia. The results bring out clearly the importance of the 
amino group in the ^ p)osition of the acyl moiety of carnosine. 
Apparently the presence of the amino group in the terminal posi- 
tion is not the crucial factor. These results along with those pre- 
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viously reported for the a-alanyl peptides of i-histidine (1) and for 
d-camosine (4) demonstrate an amazing specificity of the struc- 
ture of Z-camosine in relation to its depressor action. 

'EXPERIMENTAL 

Preparation of Carbobenzoxyglycyl-l-Histidirie — 16 gm. of his- 
tidine methyl ester dihydrochloride were converted to the free 
methyl ester by the method of Fischer and Cone (5). The oily 
methyl ester was dissolved in 160 cc. of absolute chloroform and 
was kept at 0® during the preparation of the carbobenzoxyglycyl 
chloride. 

7 gm. of the carbobenzoxyglycyl chloride prepared according 
to Bergmann and Zervas (3) were dissolved in 50 cc. of ice-cold 
absolute chloroform. The solution was added to the histidine 
methyl ester solution. An immediate reaction took place with 
the separation of oily histidine methyl ester monohydrochloride 
which soon crystallized and could be filtered. 6.6 gm. of histidine 
methyl ester monohydrochloride were obtained, which represents 
about half of the histidine methyl ester used. The filtrate from 
the histidine methyl ester monohydrochloride was concentrated 
in vacuo to remove the chloroform. The residue was dissolved in 
150 cc. of dioxane and was reconcentrated in vacuo imtil about 60 
cc. of distillate had collected. 50 cc. of HjO and 9 cc. of 4 n NaOH 
were added to the residual solution. After the solution had been 
allowed to stand for J hour at room J^mperature, 9 cc. of 4 N 
H2SO4 were added. This solution was concentrated to dryness 
in vacuo, and the residue was extracted with 300 cc. of boiling 
absolute alcohol in three portions. The combined alcoholic ex- 
tracts were concentrated in vacuo to 100 cc. and the resulting solu- 
tion was cooled 24 hours. The crystalline carbobenzoxyglycyl- 
J-histidine obtained was filtered and was washed with several 
small portions of cold absolute alcohol. The yield was 8 gm., 
which represents 70 per cent of the theoretical yield, allowaAce 
being made for the histidine recovered. The compound melted 
at 175® (corrected) and possessed a specific rotation of [o]d* = +22° 
for a 1.6 per cent aqueous solution. For analysis the compound 
was recrystallized once from absolute alcohol and dried in vacuo 
at 70®. 

Ci 4 HisN 40 *. Calculated, N 10.18; found, N 15.96 
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Preparation of GlycyilrUHididine Hydrochloride — 6 gm. of 
carbobenzoxyglycyl-Z-histidine were dissolved in 20 cc. of water 
and 2 equivalents of HCl were added. The reduction of carbo- 
benzoxyglycyl-Z-histidine hydrochloride by hydrogen in the pres- 
ence of palladium black was carried out by bubbling hydrogen 
through the solution until no more CO 2 was evolved. The catalyst 
was removed by filtration and the solution was concentrated to 
dryness in vacuo. The residue was dissolved in the minimum 
amount of water and 5 cc. of aniline were added. Upon the addi- 
tion of 6 volumes of absolute alcohol, crystallization of the mono- 
hydrochloride of glycyl-i-histidine took place. The yield was 3.9 
gm., which represents 85 per cent of the theoretical yield. The 
compound melted at 175° (corrected) and had a specific rotation of 
[a]^ = -f-25° for a 1 per cent aqueous solution. The material 
dried in air contained 1 molecule of water of crystallization. 

C8HijN40i HC1H,0. Calculated. N 21.01, Cl 13.30 
Found. ** 21.20, ** 13.38 

Preparation of Carhohemoxy-y-Aminohutyric Acid — 25 gm. of 
/9-bromopropionic acid were dissolved in 100 cc. of water to which 
had been added 1 equivalent of NaOH. 8.5 gm. of NaCN were 
then added to the solution. The mixture was heated at 40-50° 
for 1 hour and then reduced with hydrogen in the presence of 
Raney^s nickel catalyst. After the catalyst had been removed by 
filtration, the solution was placed in a 500 cc. flask which was 
equipped with a stirrer and surrounded by an ice bath. 40 gm. 
of carbobenzoxy chloride were added in four portions at 6 minute 
intervals. During the addition of the carbobenzoxy chloride the 
reaction mixture was vigorously stirred and 6 n NaOH was added 
from time to time to keep the solution alkaline to phenolphthalein. 
The stirring was continued for 30 minutes after the addition of 
carbobenzoxy chloride was complete. The solution was then 
extracted with ether to remove certain impurities and the aqueous 
layer was acidified with HCl. Upon acidification, a heavy oil 
separated which was removed from the aqueous portion by extrac- 
tion with ether. The ether solution was reextracted with Na2C08 
solution and the aqueous layer again acidified. The oil which 
separated was extracted successively with two 50 cc. portions of 
chloroform. The chloroform solution was dried over NasS 04 . 
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Addition of 2 volumes of petroleum ether to the anhydrous chloro- 
form solution caused the separation of an oil which soon crystal- 
lized. The yield was 20 gm., which is 60 per cent of the theoretical 
amount. The crude compoimd melted at 64® (corrected). For 
analysis it was recrystallized from chloroform by the addition of 
petroleum ether. The purified product melted at 66® (corrected). 

Ci 2 HiiN 04 . Calculated, N 5.90; found, N 5.92 

Preparation of y-AminohutyryUUHistidine Sulfate — 16 gm. of 
histidine methyl ester dihydrochloride were converted to the 
free ester by the method of Fischer and Cone (6). The free ester 
was dissolved in 160 cc. of absolute chloroform and kept at 0®. 

A mixture of 12 gm. of carbobenzoxy-7-aminobutyric acid, 40 
cc. of dry ether, and 12 gm. of PCU was shaken for 15 minutes at 
0®. The mixture was filtered and the filtrate was concentrated 
in vacuo until about two-thirds of the ether had been removed. 
100 cc. of petroleum ether, which had previously been cooled to 
—20®, were added to the concentrated solution. The oily layer 
of acid chloride which separated was washed twice with 100 cc. 
portions of cold petroleum ether. The acid chloride was then 
immediately dissolved in 25 cc. of cold chloroform and added to 
the previously prepared histidine methyl ester solution. The 
mixture was shaken for several minutes and was then extracted 
with water. The chloroform layer was concentrated to a thick 
oil in vacuo. After the residue was dissolved in 50 cc. of dioxane 
and the last traces of chloroform had been removed in vacuo, 24 cc. 
of 4 N NaOH and 50 cc. of water were added. This mixture was 
shaken for 5 minutes and was then neutralized with 24 cc. of 4 N 
H2SO4. The solution was concentrated to dryness in vacuo and 
the residue was thoroughly extracted with hot absolute alcohol. 
The residue was dissolved in 30 cc. of water and 15 cc. of 4 n HjS 04. 
The solution was reduced in the manner described for the reduc- 
tion of carbobenzoxyglycyl-?-histidine. The catalyst was re- 
moved by filtration and the filtrate was neutralized with Ba(OH)*. 
After the BaSO* was filtered, the resulting solution was evaporated 
to dryness and the residue was dissolved in the minimum amount 
of water. Enough H2SO4 was added to make the solution just 
acid to Congo red. The addition of 4 volumes of alcohol brought 
about the crystallization of the sulfate of 7-aminobutyryl-Z-his- 
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tidine. The compound was recrystallized twice from water by 
the addition of alcohol. 3.7 gm. of reciystalUzed compound which 
melted at 235® (corrected) were obtained. This represents 32 per 
cent of the theoretical yield based on half of the histidine methyl 
ester used. The other half of the histidine methyl ester used was 
recovered as the monohydrochloride. The peptide sulfate had a 
rotation of [«]“ = +5° for a 1 per cent aqueous solution. For 
analysis the compound was dried in vacuo at 75°. 

CioH„N 40 , H,S 04 . Calculated. N 16.66, SO 4 28.39 
Found. “ 16.37, “ 28.29 

SUMMARY 

Glycyl-i-histidine and ■y-aminobutyryl-i-histidine were syn- 
thesized by condensation of the acid chlorides of the carbobenzoxy 
derivatives of glycine and 7 -arainobutyric acid respectively with 
histidine methyl ester. After saponification and reduction of the 
condensation product, the crystalline hydrochloride of the glycyl- 
i-histidine and the crystalline sulfate of 7 -aminobutyryl-i-histi- 
dine were isolated. 

Neither f)eptide in 20 times the dose of i-carnosine was capable 
of lowering the blood pressure of cats under amytal anesthesia. 
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PARTIALLY O-METHYLATED HEXITOLS 
I. 1,2,3,5,6-O.PENTAMETHYL-rf.SOItBITOL 

By P. a. LEVENE and MARTIN KUNA 

{From the Laboratories of The Rockefeller Institute for Medical Research^ 

New York) 

(Received for publication, October 6, 1938) 

Two methods are available for the study of the position of the 
union between the two components of an aldobiose (or of aldo- 
bionic acids). First, the oxidation of the aldehydic group with 
subsequent methylation and hydrolysis and second, the reduc- 
tion of the aldehydic group with subsequent methylation and 
hydrolysis. 

To date, the first method alone has found application. It is 
felt, however, that in many instances, if not in all, the reduction 
method might offer many advantages. This would be particularly 
the case if the partially methylated hexitols were available as 
reference substances. With this aim in view the S 3 mthesi 8 of 
partially substituted hexitols is now initiated. 

The most frequent place of union is carbon atom 4 of the com- 
ponent having the aldehydic group unsubstituted and by virtue 
of this the synthesis of 1 ,2,3,5,6-0-pentamethyl sorbitol seemed 
most desirable and incidentally is the easiest to accomplish. 

The structure of cellobiose being definitely established as 4-d- 
glucosido-d-glucose, it served as the starting material for the 
preparation of /8-4-d-glucosido-d-sorbitol. The non-crystalline de- 
rivative of it has been prepared by Karrer and Btichi.^ The crys- 
talline substance and its 0-nonamethyl derivative have been pre- 
pared by Levene and Kuna.* The latter substance on hydrolysis 
yields 1 ,2,3,5,6-0-pentamethyl sorbitol and 2,3,4,6-0-tetra- 
methyl-d-glucose. 

The separation of these substances by fractional extraction or 

^ Karrer, P., and Biichi, J., Helv> chim, acta, 20, 86 (1937). 

* Levene, P. A., and Kuna, M., Science, 86, 550 (1937). 
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by distillation was found impossible. However, when the product 
of hydrolysis is oxidized by the Willstatter and Schudel method, 
and the concentrated product of the oxidation is rendered alkaline, 
then the sorbitol derivative is readily extracted with chloroform. 

The 1 , 2 , 3 , 5 , 6-0-pentamethybd-sorbitol is obtained as a viscous 
syrup which distils at 128-133°, p = 3.0 mm., = 1.4439, and 
=: —10.1° (in absolute ethanol). 


EXPERIMENTAL 


Reduction of Cellobiose to fi-i-GlucosidosorbitoP — 20 gm. of 
cellobiose were dissolved in 200 cc. of water and about 5 gm. of 
Raney^s catalyst were added. This was placed in an all-glass 
cylinder with a small hole bored in the middle and then put into a 
high pressure hydrogenation apparatus made by the American 
Instrument Company, Inc. This was rocked at a speed of 29 
times per minute for 16 hours at a temperature of 125° and hydro- 
gen pressure of 3500 pounds per sq. inch (230 atmospheres). The 
catalyst was filtered and the filtrate was concentrated to a syrup 
under reduced pressure. The material was dissolved in methanol 
and then ethanol was added to opalescence. A few cc. of water 
were then added* and, on cooling, crystals separated. These 
were filtered and dried overnight in a desiccator. Yield 18 gm. 
M.p. 133°. 


[a]” 


-0,99° X 100 
1 X 11.4 


—8.68° (in water) 


5.021 mg. substance: 7.699 mg. COa and 3.240 mg. H^O 
Ci 2 H, 40 n. Calculated. C 41.83, H 7.03 
344.2 Found. “ 41.81, 7.21 

Nonamethyl fi-^-Glucosidoaorbitol — 25 gm. of j8-4-glucosido- 
sorbitol were methylated according to West and Holden^ with 
some modifications. Ground glass joints were used throughout, 
and a 1 liter 3-neck flask was used for the reaction. The stirrer 
was made of stainless steel and was supported by four ball bear- 
ings. The blades of the stirrer were 30 mm. long and 15 mm. wide, 
with a round notch cut in the top of one blade and the bottom of 
the other. The stirrer was driven by a 100 watt Hamilton Beach 
motor with a top speed rating of 12,000 r.p.m. without a load. 

•Levene, P. A., and Tipson, R. S., J. Biol. Chem., 125, 355 (1938). 

* West, E. S., and Holden, R. F., J, Am. Chem. Soc., 56 , 930 (1934). 
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The reaction was carried on with all of the resistance cut out. 
A drawing of the apparatus is given in Fig. 1. The stop-cocks 
of the dropping funnels were attached to a lock screw device by 
which the rate of flow was kept constant, in spite of the vibration. 

The chloroform extract was evaporated to a syrup and dried 
in a high vacuum. The material in this state was almost com- 
pletely methylated and a slightly yellow nonamethyl derivative 
could be obtained by distillation but it was found advantageous 



Fig. 1. High speed stirring apparatus for methylation 

to remethylate the syrup by the Purdie method. The syrup was 
dissolved in methyl iodide and 25 gm. of silver oxide were added 
during 5 hours at 35-40® with stirring. The reaction was al- 
lowed to continue for an additional 4 hours. The silver residue 
was filtered and washed; and the filtrate was evaporated and 
distilled. B.p. 167-173°, p = 0.3 mm. Yield, 26 gm. of a color- 
less S 3 rrup. nf = 1.4542. 

, -0.46® X 100 , ^ ^ 

laJD " — : — * —4.89® (in absolute ethanol) 

1 X 9.2 

3.497 mg. substance: 30.41 cc. 0.01 n NaiS|0« (methoxy) 

4.826 “ “ : 9.476 mg. CO, and 3.906 mg. H,0 

CuHoOii. Calculated. C 63.37, H 9.00, OCH, 69.32 
470.3 Found. “ 63.66, “ 9.06, “ 69.08 
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Hydrolysis and Oxidation of Nonamethyl ff-^i-GliLcosidosorbitol — 
7 gm. of nonamethyl glucosidosorbitol were dissolved in 90 cc .of 
5 per cent hydrochloric acid. The slightly turbid solution was 
filtered through a thin layer of charcoal and sealed into a bomb 
tube. This was heated at 100® for 3 hours. The solution was 
then neutralized with 50 per cent sodium hydroxide. The total 
volume was 105 cc. 0.5 cc. of this solution was titrated according 
to Willstatter and was found to equal 11.6 cc. of 0.0135 N sodium 
thiosulfate. Calculated tetramethyl glucose, 3.3 gm. Found, 
3.8 gm. 

230 cc. of 0.3 N iodine in potassium iodide were added to the 
solution which was cooled in an ice water bath. Then 5.5 gm. of 
sodium hydroxide in 100 cc. of water were added during 3 minutes 
with stirring. The solution was allowed to stand at 25® for 15 
minutes. It was then acidified with sulfuric acid and sulfur diox- 
ide was passed in until the color of iodine disappeared. The solu- 
tion was then concentrated to a small volume, made alkaline with 
sodium hydroxide, and extracted with chloroform. The extract 
was washed with concentrated sodium bisulfite solution and dried. 
The 1,2,3,5,6-0-pentamethyl sorbitol distilled at 128-133®, p = 
3.0 mm. Yield 3.3 gm. of a colorless liquid, = 1.4439. 

—0 48® X 100 

la]o « — : - — “ —10.1® (in absolute ethanol) 

1 X 


3.341 mg. substance; 39.70 cc. 0.01 N NajSjOs (methoxy) 
6.300 “ “ : 10.110 mg. CO, and 4.515 mg. H,0 

C„HmO,. Calculated. C 52.33, H 9.59, OCH, 61.44 
252.2 Found. “ 52.00, “ 9.53, “ 61.44 

Another sample had = 1.4438, and 
. -1.05® X 100 ^ 

laJo ** — i xT l l — * “y-46® (in absolute ethanol) 


3.201 mg. substance: 37.82 cc. 0.01 n Na,S,0> (methoxy) 
6.017 “ “ ; 11.510 mg. CO, and 5.120 mg. H,0 

Found, C 62.16, H 9.62, OCH, 61.09 
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The aqufeous, alkaline mother liquor was acidified and extracted 
with chloroform. The substance distilled at 103-1 06°, p = 0. 1 mm. 
Yield 2.2 gm. n” = 1.4541. 

[alS - ^ “ + 106 ° (in absolute ethanol) 

2 X o.OS 

6.399 mg. substance: 12.085 mg. CO 2 and 4.300 mg. H*0 
CioHuO*. Calculated. C 51.29, H 7.75 
234.1 Found. 51.50, 7.51 

For 2,3,4,6-tetramethyl 5-d-gluconolactone, the constants 
areb.p. 101°, p = 0.06 mm., = 1.4566,® and [«]» = +101.1° (in 
alcohol, c = 3.65).® 

* Haworth, W. N., Hirst, E. L., and Miller, E. J., /. Chem, Soc.t 2436 
(1927). 

* Charlton, W., Haworth, W. N., and Peat, S., J. Chem, Soc.y 89 (1926). 
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IV. QUANTITATIVE COMPAMSON OF TISSUE NUCLEI AND 
EXTRACTED NUCLEOPROTBINS 

By EDWARD G. KELLEY 

{From The Biochemical Research Foundation of the Franklin 
Institute, Philadelphia) 

(Received for publication, July 2, 1938) 

One of the most interesting questions confronting the biochem- 
ist working with nuclear substances is, what similarities does an 
extracted nucleoprotein show to the substance existing in the 
fixed cell nucleus in the form known as chromatin? Two prin- 
cipal points have been investigated in an attempt to answer this 
question. First, does an extracted nucleoprotein have the same 
nucleic acid to protein ratio as the substance in the fixed cell 
nucleus? Second, what is the relation of the so called isoelectric 
point of the nucleus, as shown by dyes, to the cataphoretic iso- 
electric point of the extracted substance? 

Hammarsten and Hammarsten (1) and Steudel and Takahata 
(2) have shown that nucleic acid and protein combine in many 
different ratios when mixed in solution at different pH values. 
Huiskamp, Bang, and others (see Kossel (3)) have found nucleo- 
proteins of variable compositions when extracting calf thymus 
glands. In view of these results and others it has been said that 
no preformed combination of nucleic acid and protein exists in the 
cell nucleus, the particular nucleoprotein obtained by extraction 
being the result of the method of extraction and bearing no 
particular relationship to the nucleoprotein of the chromatin. 
Nevertheless, it was considered worth while to see whether it was 
possible to extract nucleoproteins of constant composition from 
different batches of the ^me type of tissue, the method of extrac- 
tion being kept as constant as possible. 

Methods of comparing extracted substances with the substances 

56 
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in the fixed cell nucleus are decidedly limited. Measurements of 
optical density on cell nuclei, nucleic acid, and nucleoproteins 
have been employed by Caspersson, Hammarsten, and Hammar- 
sten (4) and Caspersson (5), with the ultraviolet microscope as a 
tool, and this method is yielding much valuable information. 

Combinations of cell nuclei and nucleoproteins with dyes ap- 
peared as another possibility of showing similarity or dissimilar- 
ity between extracted substance and tissue nucleus. Numerous 
investigators (6) have dyed tissues with acid and basic dyes to 
determine the so called isoelectric point of the nucleus and of the 
cytoplasm. It was believed that some correlation might exist 
between the isoelectric point found in this manner and the iso- 
electric point found for the extracted nucleoproteins. 

Special methods were developed by which it was possible to 
note very fine differences in the point of attachment of acid and 
basic dyes for different tissue elements. These methods soon 
showed a complete lack of correlation between what was consid- 
ered as the tissue isoelectric point and the isoelectric point of the 
extracted nucleoprotein. Investigations on the dyeing of the 
extracted nucleoproteins also showed a complete lack of correla- 
tion with what would have been expected according to the usual 
protein-dye reactions. 

A method of quantitatively determining the amount of basic 
dye bound by extracted nucleoprotein and tissue nuclear material 
was devised, based on the work of Bungenberg de Jong and Lens 
(7). The quantitative relationships found by this method for the 
extracted nucleoproteins and the tissue nuclei in conjunction with 
the analytical data obtained on the extracted substances lead to 
the belief that the extracted nucleoproteins are very similar in 
their nucleic acid to protein ratio to the substances existing in the 
fixed cell nucleus in the tissues studied. It is further contended 
that the attachment of a basic dye to a nucleoprotein is independ- 
ent of the cataphoretic isoelectric point of the substance, and prin- 
cipally conditioned by the amount of nucleic acid in the nucleo- 
protein. The methods and discussion of these investigations are 
given in this paper. The use of the tissue dyeing technique based 
on these investigations for a number of tissues is given in Paper 
V of this series. 
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Methods and Besidts 

The method used to determine the similarity of extracted nucleo- 
protein and fixed nuclear substances was to compare three types 
of tissue having nucleoproteins of different nucleic acid content. 

The tissues used were Philadelphia No. 1 rat sarcoma, Walker 
No. 256 rat carcinoma, and rat thymus gland. There were several 
reasons for using transplantable rat tumor. The tumors were 
constant in appearance and were very nearly one pure type of 
tissue when obtained 12 to 14 days after inoculation. The amount 
of material available was quite large, since the tumors grew to a 
reasonably large size before necrosis occurred. Thymus tissue 
was used because it also appeared as a relatively unmixed tissue 
consisting largely of thymoc 3 rtes of constant appearance when the 
glands were obtained from young animals at about 3 months of age. 

To determine whether it was possible to obtain nucleoproteins 
of constant composition from these tissues, four extracts of large 
batches of each type of tissue were made over a period of 2 months. 

The method of extraction was approximately the same in ail 
cases. The freshly removed tissue was freed of adhering fat or 
other tissue and quickly minced in a Latapie or an embryo extract 
mincer, depending upon the amount of tissue available from a 
particular group of rats. This finely minced material was sus- 
pended in 2^ times its weight of distilled water in a closed bottle, 
layered with toluene, and placed in the ice box at 4®. It was 
allowed to extract with occasional shaking for from 48 to 72 hours. 
The undissolved tissue was separated from the opalescent milky 
liquid with cheese-cloth, centrifugation, and filtration through two 
layers of Whatman No. 5 filter paper on a suction funnel. The 
filtered liquid was treated with acetic acid to give complete pre- 
cipitation. This precipitation was found to be complete at pH 
values between 4.0 and 4.5. The precipitate was either obtained 
at once, by centrifugation, or allowed to settle overnight at 4®. 
It was then washed twice with distilled water, resuspended in a 
volume of water equal to the original amount, and treated with 
dilute sodium hydroxide to give a pH value between 9 and 10. 
Solution was complete in all cases but the clear solution was again 
filtered through two layers of Whatman No. 5 paper. The clear 
filtrate was again treated with acetic acid to give complete pre- 
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cipitation at pH 4.0 to 4.5. This precipitate was collected by 
centrifugation, washed once with water, dehydrated with alcohol 
and ether, and dried in a vacuum. The average yield of dried 
nucleoprotein was 3 per cent of the wet weight of the Philadelphia 


Tablb I 


Nucleoprotein Analyses ^ Per Cent 


Element 

Sample No. 

Philadelphia 
No. 1 

rat sarcoma 

Walker No. 266 
rat carcinoma 

Rat thymus 

Carbon 

1 

50.30 

60.72 

49.48 


2 

60.62 

60.69 

49.54 


3 

60.04 

51.14 

49.43 


4 

50.07 

50.82 

48.80 

Hydrogen 

1 

6.36 

6.72 

6.48 


2 

6.42 

6.83 

6.66 


3 

6.33 

6.62 

6.63 


4 

6.39 

6.76 

6.68 

Nitrogen 

1 

16.07 

16.07 

17.28 


2 

16.28 

16.22 

16.77 

1 

3 

16.34 

16.30 

17.06 


4 

16.45. 

16.14 

17.10 

Phosphorus 

1 

1.07 

1.65 

2.74 


2 

1.06 

1.58 

3.02 


3 

1.07 

1.65 

2.83 


4 

1.04 

1.71 

2.98 

Sulfur 

1 

1.11 

1.42 

0.81 


2 

1.06 

0.99 

0.69 


3 

1.02 

1.07 

0.78 


4 

1.03 

1.15 

0.45 

Moisture 

1 

8.66 

9.34 

7.68 


2 

11.66 

9.60 

8.65 


3 

8.84 

10.33 

8.31 


4 

10.30 

6.74 

7.38 

Ash 

1 

0.50 

2.47 

0.62 


2 

0.63 

1.63 

0.74 


3 

0.63 

0.95 

0.73 


4 

0.50 

0.64 

0.69 


No. 1 tumors, 2.9 per cent of the wet weight of Walker No. 256 
tumors, and 7.1 per cent of the wet weight of rat thymus. 

Two criteria were used to determine the constancy of the sub- 
stances obtained. Complete anal 3 rtical data obtained by careful 
microanalytical methods were used to determine the nucleic acid 
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to protein ratio. Isoelectric points, as determined in a micro- 
cataphoresis cell, were used as the second indication of constancy 
of the substance obtained. 

Since most ol, these substances are highly hygroscopic, special 
methods for the determination of the moisture content, for the 
drying of the samples, and for the weighing under elimination of 
contact with moist air have been developed by Alber (8). With 
the use of these special techniques reliable results are obtained in 
the microdetermination of carbon and hydrogen (9), nitrogen 
(Duipas method) (9), phosphorus ((10) p. 126), sulfur ((10) p. 
116), and moisture (8). The values for the ash content do not 
represent the true values, since they were obtained by heating 
the sample in a current of oxygen to a maximum temperature of 
650®. Part of the phosphoric acid may be reduced under these 
conditions to elementary phosphorus and volatilized (11). All 
the microchemical analyses have been caried out by the micro- 
chemical department of the Foundation under the direction of 
H. K. Alber (12). 

Table I gives the analytical results found on the three types of 
nucleoproteins. 


Isoelectric Points 

Determinations of the isoelectric points of these nucleoprotein 
substances were carried out in a cell similar to that described by 
Bull (13). The Philadelphia No. 1 tumor nucleoproteins were 
first used in Kolthoff's borax-succinic acid buffers and later 
checked in S0rensen^s citrate buffers. Walker No. 266 and thymus 
nucleoproteins were tested in citrate buffer in the following man- 
ner. 0.1 per cent solutions of protein were made up by dissolv- 
ing the dry substance in a little water and NaOH with grinding 
to insure complete wetting, making up to the correct strength at 
pH 9 to 10, and then adjusting after filtration to a pH of exactly 
7 by the addition of a few drops of HCl. The isoelectric point 
was determined by adding 2 cc. of the 0.1 per cent solution to 26 
cc. of buffer solution of 0.02 m concentration. Since the sub- 
stances were insoluble at pH values near their isoelectric points, 
it was possible to observe the particles migrate under the low 
power lens of the microscope. The point on the pH scale at which 
no migration could be observed was considered to be the isoeleo- 
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trie point. Table^t^ves the isoelectric points found for the 
twelve samples of fiuc^oproteins. 

The method for determining the points ofaftachment for acid 
and basic dyes to the tissue nuclei is described in detail in Paper 
V of this series (14). Briefly, it consists of immersing the tissue 
in buffer solution at the same pH as the dye for 15 minutes pre- 
liminary to the actual dyeing. After washing, the tissue is dyed 
for 1 minute in basic dye, then after rinsing, for 1 minute in acid 
dye. Brief water and alcohol rinses gave finely differentiated 
slides when buffers at 0.2 pH intervals were used from pH 2 to 7. 


Table II 


Isoelectric Points 


Sample No. 

Nucleoprotein 

Rat thymus 

Walker No. 256 
rat carcinoma 

Philadelphia No. 1 
rat sarcoma 

1 

4.25 

3.82 

4.65 

2 

4 . 25 - 4.30 

4.40 

4.65 

3 

4 . 20 - 4.25 

4 . 404.45 

4 . 60 - 4.65 

4 

4 . 25 - 4.30 

4.40 

4.65 


Dye Extraction Experiments 

For the determination of the amount of dye taken up by the 
nuclei of the different tissues a special technique was developed. 
From eight to twelve pieces of tissue cut at 7 microns thickness 
were mounted on a single slide and dyed with toluidine blue in 
nearly the same manner as the previous sections used for the 
determination of the isoelectric points. The dye used was a 0.05 
per cent solution of toluidine blue instead of a 0.1 per cent solution, 
and the sections were dyed for 3 minutes instead of 1 minute. 
After dyeing, the excess dye was completely rinsed out with several 
changes of distilled water until no more color could be noted in 
the solution. The sections were then placed in special extraction 
cells holding the slide and 4 cc. of liquid. For extraction a 1 
per cent solution of thorium nitrate (approximately 0.02 m) was 
used. This solution completely removed the dye from the nuclei 
with two extractions of 4 cc. each. The cell was then rinsed with 
1 cc. of solution and the volume of the extracted dye solution was 
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made up to exactly 10 cc. Colorimetric comparisons were then 
made on the diflFerent samples to determine the relations of the 

Tablb hi 

Extraction Experiments with Toluidine Blue 


1. Tissue Comparison 




Per cent increase in dye, pH S.6 


Fixative 

Philadel. 
pbia No. 1 
rat 

sarcoma 

Walker 
No. 266 rat 
oaromoma 

Rat 

thymus 

Tissue 

95% alcohol 

1 

32.2 

68.3 

ti 

HgCU 

1 

19.0 

63.3 

it 

Formaldehyde 

1 

7.8 


Nuoleoprotein 

Isoelectric ppt. 

1 

31.8 

j 49.6 


pH 




1 Per cent increase in dye at pH 

Tissue 

Fixative 






2.82 

8.2 

8.56 

8.9 

4.8 

Philadelphia No. 1 

96% alcohol 



1 

16.6 

43.1 

ft i* 

HgCli, pH 6 



1 

17.6 

32.8 

n « ^ 

Formaldehyde 



1 

14.7 

24.4 

Walker No. 266 

96% alcohol 

i 

1 

18.7 

40.4 


266 

HgClt, pH 6 j 


1 

16.0 

39.6 


** 266 

Formaldehyde 


1 

20.1 

36.2 


Thymus 

96% alcohol 

1 

22.0 

36.0 



ti 

HgCl„ pH 6 

1 

19.9 

29.3 



Nuoleoprotein 







' ' 

Philadelphia No. 1 

Isoelectric ppt. 



1 

14.9 

43.9 

Walker No. 266 

<( tf 


1 

24.3 

49.3 


Thymus 

i4 *t 

1 

24.2 

41.7 




3, Fixative Comparison 


Tinue 

Per cent increase in dye for fixative stain, pH 8.5 

HgCls 

95 per cent alcohol | 

Formaldehyde 

Philadelphia No. 1 

1 

60.9 

73.4 

Walker No. 266 

1 

36.7 

63.5 


amoimts of dye taken up by the different tissues under various 
conditions. 
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The sections were rinsed completely free of thorium nitrate 
solution and redyed, after the usual buffering, by immersion in the 
0.06 per cent toluidine blue and then in fast green for counter-stain- 
ing. After they were mounted under balsam, the area of the sec- 
tions was measured in the following manner. Each section was 
projected at a magnification of 10 diameters and the outline of 
the projected section was drawn on a sheet of paper. The area 
measurements were then made with a Keuffel and Esser planimeter 
and the total number of sq. inches of tissue was found by adding 
the number of sq. inches of all of the sections and dividing by the 
exact magnification of the projected image. The measurements 
made in this way were accurate and were considered superior to 
the commonly used method of cutting out around the projected 
image and weighing the cut out paper. The sections were also 
used for nuclear counts. 

Table III gives the averaged results of the tissue-dye extraction 
experiments. In Part 1 of Table III is given the comparison be- 
tween the amount of dye taken up and released by the three tis- 
sues fixed in various solutions and dyed at pH 3.5. Part 2 shows 
the effect of pH on the amount of dye taken up by the different 
tissues under various conditions of fixation. Part 3 shows the 
effect of the different fixatives on two of the tissues when these 
were dyed at pH 3.5. Fig. 1 shows the pH series of Table III 
plotted as per cent increase in dye against the pH value. 

Extracted nucleoproteins were also dyed with toluidine blue and 
extracted with thorium nitrate. The procedure in this case was 
to take 1 cc. of 0.1 per cent protein solution as prepared from 
the dry substance at pH 7.0. This was precipitated in a 15 cc. 
centrifuge tube at the isoelectric point by the addition of 5 cc. of 
citrate buffer solution at the correct pH. The precipitated mate- 
rial was resuspended in citrate buffer of the same pH as the stain- 
ing solution to be used, and allowed to remain suspended for 15 
minutes. After centrifugation it was again suspended, this time 
in 0.025 per cent buffer solution of the dye and allowed to remain, 
with shaking, for 8 minutes from the time of first shaking into the 
dye solution to the time of reaching full speed in the centrifuge. 
The centrifugation required 2 minutes and then another 2 minutes 
to stop and pour off the stain and add the first rinse water. The 
dyed nucleoproteins were washed three times with distilled water 
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by vigorously with 10 cc. portions and centrifuging to 

obtain the dyed precipitate. No dye appeared to come ojff into 
solution after the third rinse. The dye was then removed from 
the protein by means of 1 per cent thorium nitrate solution and 



Fig. 1. pH-dye series (Table III, Part 2). O represents nucleoprotein; 
X, tissue nuclei. The pairs of curves from left to right represent rat 
thymus, Walker No. 266 rat carcinoma, and Philadelphia No. 1 rat sar- 
coma, respectively. 

two 6 cc. portions were used to remove the dye completely. 
These were combined and measured colorimetrically. 

For a particular experiment all tubes of nucleoprotein were 
treated as nearly alike as possible and comparisons were made 
between samples in the same experiment, but not between samples 
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in different experiments. For example, if a pH-stain series was 
being run on Philadelphia No. 1 nucleoprotein, three tubes were 
precipitated, buffered, dyed, washed, and extracted at the same 
time with the only variable being the pH of buffer and buffered 
dye solution. If a nucleoprotein comparison was being made, 
the three tubes contained th^ different nucleoproteins each of 
which was precipitated at its correct isoelectric point but each 
was then prebuffered with equal amounts of the same buffer 
solution and dyed with equal amounts of the same dye solution, 
washed, and extracted at the same time. Comparisons were then 
made between the extracted dye solutions in the same series. 

The calculations for the comparison of the amount of dye taken 
up by the different tissues and nucleoproteins were made in the 
following manner. The dye solution obtained from the extraction 
of the Philadelphia No. 1 tissue or nucleoprotein was used as the 
standard. The colorimetric readings of the extracted dye solu- 
tions of the other tissues or nucleoproteins were read against this 
solution and the results expressed as per cent more dye taken 
up by Walker No. 266 or thymus tissue or nucleoprotein. The 
calculation of the amount of nucleic acid in the three nucleo- 
proteins was based on their comparative phosphorus values: 
1.06 per cent P for Philadelphia No. 1, 1.65 per cent P for Walker 
No. 256,^ and 2.98 per cent P for thymus nucleoproteins; (1.06/ 
1.65) X 100 = 64.2 per cent as much nucleic acid in Philadelphia 
No. 1 as in Walker No. 256 nucleoprotein or 35.8 per cent more 
nucleic acid in Walker No. 256; (1.06/2.98) == 35.6 per cent as 
much nucleic acid in Philadelphia No. 1 as in thymus nucleopro- 
tein or 64.4 per cent more nucleic acid in thymus. 

DISCUSSION 

With the exception of one preparation, the nucleoproteins ex- 
tracted from the various tissues appear to be uniform in their 
characteristics. Four samples of Philadelphia No. 1 nucleopro- 
tein have almost identical composition, as shown by the figures 
in Table I. The nitrogen to phosphorus ratios agree within 3 per 
cent of the average ratio of 1 ; 15.3. The isoelectric points of the 
four samples were the same within 0.05 pH unit at the value 
4.66. 

The four samples of nucleoprotein of Walker No. 266 tumor also 
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have very siimlar analytical figures with the exception of the sul- 
fur and ash in Sample 1. The nitrogen to phosphorus ratios also 
agree within 3 per cent of the average value of 1:9.86. The iso- 
electric points of three samples were the same within 0.06 pH 
unit at the value 4.40. The isoelectric point of Sample 1 was 
3.8. Electrodialysis of the sample failed to change this value, 
so it is possible that in this case the increased sulfur was in the form 
of a non-dissociable sulfuric acid ester having pronoimced acidic 
effect on the compoimd. 

With the less homogeneous tissue, rat thymus gland, the agree- 
ment among the four samples prepared is not quite as good. The 
nitrogen to phosphorus ratio in two of the samples varies as much 
as 6 per cent from the average of the four samples at a ratio of 
1 : 5.9. The last two preparations agree within 3 per cent. These 
samples were made from animals of the same age, whereas the 
first two preparations were made from animals of many different 
ages. Since the thymus is very susceptible to changes in age, 
it is believed possible that this may account for the greater differ- 
ence in nitrogen to phosphorus ratio. The isoelectric points of 
all four samples agreed within 0.05 pH unit at a pH value of 4.25. 

It is not contended that the nucleoproteins as prepared above 
are completely homogeneous substances. In all preparations it 
was possible to detect an occasional tiny particle, as observed in 
the microcataphoresis cell, having a very different isoelectric 
point froin the larger particles of the nucleoprotein under obser- 
vation. As shown by the pH-stain series (14) the nuclei of dif- 
ferent tissue elements varied considerably in their stain-binding 
capacity. The nucleoproteins of all of the nuclei would probably 
be extracted equally by the method used. It is believed that it 
will be possible to fractionate these nucleoprotein preparations 
in the Tiselius electrophoresis apparatus and thus separate from 
the tumor preparations fractions representing the lymphocytes, 
nuclei of the necrotic area, and the mitotic nuclei from the main 
mass of nucleoprotein representing nuclei of the resting tumor. 

The nuclebprotein preparations do strongly indicate that it is 
possible to obtain substances from the different batches of the 
same type of tissue having almost exactly the same P:N ratio. 

The lack of correlation between the cataphoretic isoelectric 
points and the points of attachment of acid and baric dyes was 
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clearly evident after preliminary experiments of the type given 
in Paper V of this series (14). These experiments showed that 
the b^ic dye toluidine blue appeared visually to have dyed the 
thymoc 3 i;e nucleus of the rat thymus very strongly at a pH of 3.2. 
The resting nuclei, constituting the principal nuclear material of 
the tumor tissues, gave visually complete staining at pH 3.9 for 
the Walker No. 256 tumor and at pH 4.3 for the Philadelphia No. 1 
tumor. 

For simple proteins, acting as amphol 3 i}es, the isoelectric point 
represents that point of electrical neutrality in which the charge 
is zero, due either to lack of ionization of carboxy and amino 
groups or due to internal neutralization of the charges of ionized 
groups, according to the zwitter ion theory. In either case, on 
the acid side of the isoelectric point the protein combines with an 
acid dye, and on the basic side it combines with a basic dye. 

It is apparent that the cataphoretic isoelectric points of the 
nucleoproteins, as shown in Table II, do not represent points of 
electrical neutrality toward dyes. Toluidine blue should not dye 
any of the substances at a pH below 4.3, whereas all of the nuclei 
were strongly dyed below this point. Table III shows most of 
the experiments on combination between toluidine blue and tissue 
nuclei and extracted nucleoproteins carried out at pH values be- 
low 4.3. These experiments were possible because not only the 
tissue nuclei but the extracted nucleoproteins as well showed the 
strong basic dye attachment at pH values well beloV the cata^ 
phoretic isoelectric points. If the tissue nuclei alone had shown 
basic dye attachment at pH values below the isoelectric point of 
the extracted substance, it would have been possible to say that 
perhaps the nucleoproteins in the nuclei had different nucleic acid 
to protein ratios and, therefore, different isoelectric points. 
When the nucleoproteins also were shown to combine basic dye 
well below the cataphoretic isoelectric point, it was necessary to 
determine factors other than the outer micelle charge which were 
responsible for the dyeing of the nucleoproteins. 

The dye extraction experiments form this most interesting phase 
of the work. The experiments of Bungenberg de Jong and Lens 
(7) show that the bond between negatively charged colloid and 
basic dye can be broken by the introduction of inorganic ions, the 
intensity of the action increasing with increasing valence. Na*^, 
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SO4" and La*^ cause increasing amounts of basic dye to be re- 
leased from the negatively charged nucleic acid. The same 
series of ions was tried with the tissue, nucleoproteins, and nuclei 
after these had been dyed with toluidine blue. NaCl solution 
caused very little extraction, NajS 04 somewhat more, and 
La 2 (N 08)8 nearly complete discharge of the dye from the nucleus 
or nucleoprotein. In view of these results, thorium nitrate was 
tried and proved to be even more eiBfective than lanthanum, 
causing a complete removal of the dye from the nucleoproteins 
and cell nuclei. 

The method of calculating the results of the dye extraction 
experiments brings up a very interesting point. With the al- 
cohol-fixed-tissues it was found that when the colorimetric readings 
of the extracted dye were corrected for the relative areas of the 
tissues being compared, the results came out in the proportions 
listed in Part 1 of Table III. That is, when Philadelphia No. 1 
tumor tissue was used as the low member of the series. Walker 
No. 256 tissue was found to have boimd 32.2 per cent more dye 
and thymus to have bound 68.3 per cent more dye than the 
Philadelphia No. 1 tissue. The calculations for relative per cent 
of nucleic acid in the extracted nucleoproteins (based on P values) 
showed 35.7 per cent more nucleic acid in Walker No. 256 than 
in Philadelphia No. 1 tissue and 64 per cent more nucleic acid in 
thymus than in Philadelphia No. 1 tissue. These comparative 
results were even closer than was believed possible, considering 
the complexity of the method. Nuclear counts were made on 
the different tissues used for extraction but there was a complete 
lack of agreement between the nucleic acid values and the dye 
bound by the nuclei when the number of nuclei rather than the 
total area of tissue was used as the basis of comparison. The two 
types of tumor tissue did contain approximately the same number 
of nuclei, but thymus tissue contained at least twice as many 
nuclei per equal area as the tumor tissue. On this basis then, the 
thymus would have taken up about half as much dye as found by 
the previous method of calculation based on area alone. The 
nuclei of the two tumor tissues also corresponded quite closely 
in size but the nuclei of the thymus gland were approximately 
half the size of those of the tumors. 

These results would lead one to believe that the amount of dye 
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taken up by the alcohol-fixed tissue follows very closely the rela- 
tive nucleic acid content of the nucleoproteins in the nuclei and 
that the total volume of nuclear material is very nearly the same 
in the three tissues examined, although this may be distributed in 
many more nuclei in one tissue than in another. 

The quantitative relationship of dye-binding capacity and nu- 
cleic acid content did not hold for HgClr and formaldehyde- 
fixed tissue. 

Table III also shows the binding of dye by the extracted nucleo- 
proteins. Again, the comparison between the amount of dye 
bound and then released by the Walker No. 266 as compared with 
the Philadelphia No. 1 tumor follows very closely the nucleic acid 
ratio of the two substances. The amount bound by the thymus 
nucleoprotein was somewhat less than with the tissue and as in- 
dicated by the nucleic acid content. The amounts of dye bound 
varied somewhat in a number of experiments from as low as 45 
per cent to as high as 55 per cent more dye bound than that bound 
by Philadelphia No. 1 nucleoprotein. In no experiment was there 
complete binding as there was in the tissue. Possibly the nature 
of the extracted substance prevented complete binding even 
though the substance was freshly precipitated at its isoelectric 
point just before dyeing. Even though the amount of dye bound 
by the extracted substance is about 15 per cent less than indicated 
by the tissue and by the nucleic acid values of the extracted 
substance, it is still enough more than in the other substances to 
warrant the assumption already stated that the extracted sub- 
stances are very similar even in their dye-binding capacity to the 
substances as they exist in the tissues. 

The pH series of Table III was made to determine the relative 
binding power of the tissue at different pH values as compared 
with the binding power of the extracted substance. There are 
not enough points on the pH scale to consider these values as 
dye titration curves but even so the three points used for each 
substance are plotted in Fig. 1. It can be seen that for the 
Philadelphia No. 1 tumor the extracted substance and tissue are 
very similar, while with Walker No. 256 tumor and thymus the 
extracted substance binds somewhat more dye with increasing 
pH than is bound by the tissue. The values found for the ex- 
tracted substance were almost within the limits of experimental 
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error of 8 per cent for this type of experiment with the extracted 
nucleoproteins. 

The action of fixatives on the quantitative relationship of dye 
binding is shown in Table III for the two tumor tissues. HgClj 
is seen to cause a considerable repression of basic dye binding, 
while formaldehyde causes a considerable increase in the binding 



Fig, 2. Diagrammatic representation of dyeing of nucleoproteins as 
compared with their cataphoretic isoelectric point. The inner shell, con- 
trolling dyeing, is predominantly influenced by negatively charged nucleic 
acid but partially influenced by positive protein charges. The outer shell 
controls the charge influencing the cataphoretic migration. 

of toluidine blue when both are compared with alcohol-fixed tissue. 
The effect is more pronounced in fixed tissue of the Philadelphia 
No. 1 than in the Walker No. 256 tissue. 

This effect of the fixatives is very interesting, in view of the 
above results which lead one to believe that the basic dye is largely 
taken up by the nucleic acid in the nucleoproteins and tissue nuclei. 
It is not known what effect the fixatives would have on the nucleic 
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acid portion of the molecule while it was still combined with the 
protein. The only clear cut effect would be on the protein itself, 
in which mercuric chloride would combine with the COO~ groups 
and formaldehyde would combine with the NH 2 groups. Hg^ 
should, therefore, reduce combination with the basic dye, while 
formaldehyde should increase combination owing to repression 
of basicity within the molecule. The fact that the fixatives work 
in this manner on the nucleoproteins must mean that the protein 
is entering into the reaction between the dyestuff and the nucleo- 
protein. This may be either a direct dye-protein combination or 
the groups of the protein may influence the availability of the 
nucleic acid groupings. It seems clear from the results on stain- 
ing at pH values below the isoelectric point of the extracted nucleo- 
protein that the ionic atmosphere of the nucleoprotein particle 
which controls the charge in an electrical field does not control 
staining. The dye apparently penetrates through this charged 
field to one caused by the phosphoric acid groups of the nucleic 
acid. From the effect of the fixatives, however, it is apparent 
that the charge surrounding these groups is influenced in its 
reactivity toward dyestuffs by the protein groups associated with 
it. This supposition is presented diagrammatically in Fig. 2. 
In this diagram the nucleic acid is represented with many negative 
charges in order to show the effect of the fixatives. The effect 
may actually be a greater negative polarity of the phosphoric 
acid groups of the nucleic acid and not a larger number of electro- 
static charges. 


SUMMARY 

By extraction of nucleoproteins from three different types of 
rat tissue it has been possible to show that substances of constant 
composition can be obtained from each type of tissue. The sub- 
stances obtained in a number of preparations from each type of 
tissue showed the same nucleic acid to protein ratios and the same 
isoelectric points. The nucleoproteins from different tissues had 
considerably different nucleic acid to protein ratios. 

Of the three tissues studied, rat sarcoma contained a nucleo- 
protein having a nucleic acid to protein ratio of 1:15.3. Rat 
carcinoma contained more nucleic acid in relation to protein and 
had, therefore, a lower nucleic acid to protein ratio at a value of 
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1:9.86. Rat thymus had the lowest nucleic acid to protein ratio 
at a value of 1:5.9. 

By experiments on dye-nucleoprotein combination it has been 
possible to show that the substances extracted from the nuclei 
of different types of tissue are very similar in their nucleic acid 
to protein ratio to the nucleoproteins as they exist in the nucleus. 
In these dye-nucleoprotein experiments it was shown that the 
dyeing of a tissue nucleus is essentially controlled by the amount 
of nucleic acid in the nucleoprotein of this nucleus and is inde- 
pendent of the isoelectric charge of the nucleoprotein, as deter- 
mined by cataphoretic measurement. 
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As a part of the investigation on extracted tumor and th3maus 
nucleoproteins (1) it was necessary to develop a staining method 
which would show points of acid and basic dye attachment on the 
different nuclear elements of these tissues. In this investigation 
it was thought that it might be possible to find some c?brrelation 
between the so called isoelectric point of tissue nuclei, as shown 
by acid and basic dye attachment, and the cataphoretic isoelectric 
point of the extracted nucleoproteins. 

Various methods for showing what has been called the isoelec- 
tric point of cell nuclei have been developed by a number of in- 
vestigators. Craig and Wilson (2) used acid and basic dyes and 
hematoxylin in HCl and acetate buffers in alcohol solution and 
found this method advantageous for staining differentially tissues 
of animals, plants, insects, and protozoa. Fautrez (3) and Seki 
(4) have used toluidine blue in buffer solutions for the differential 
staining of the cells of the reticulo-endothelial system. 

Hammarsten et al. (5) dyed nucleic acid and nucleoproteins in 
buffered dye solutions as well as the red blood cells of lizards. 
They found protein-nucleic acid mixtures stained as proteins 
and obtained only surface coloration in many cases. They state 
that the red blood cells of lizards contained nuclei poor in protein 
at certain stages of division but rich in protein in other stages. 
Haynes (6) studied the effect of pH on the staining with thiazine 
dyes of fixed sections of brain, intestine, bone, spleen, and kidney 

73 



74 


Dye Reaction on Cell Substances. V 

and found a general increase in staining intensity from pH 3 to 9. 
Ha 3 mes also used buffers for pretreatment and posttreatment of 
sections but did not follow this treatment by staining in buffered 
dye solutions. 

Kelley and Miller (7) dyed tissues and nucleoproteins in acid 
and basic dyes in buffers for comparison of the extracted nucleo- 
proteins with the cell nuclei. They found that the metachromatic 
staining of nucleoproteins with unmordanted hematoxylin was 
due to pH effects on the surface of the substances and the differen- 
tial dyeing of mucoproteins and nucleoproteins with certain basic 
dyes was independent of pH effects. Laves (8) and Niethardt 
(9) studied the effect of pH of staining solution on the staining of 
liver tissue under various conditions. They present a good dis- 
cussion of the point of staining which can best be considered as 
the isoelectric point. 

Steam and Steam (10) have studied intensively the staining of 
bacterial organisms with buffered dye solutions. They present 
many experiments which tend to show that dyeing of tissue sub- 
stances is a chemical phenomenon. Tolstoouhov (11) used acid 
and basic dyes in combination in 60 per cent alcohol solution to 
obtain good differential staining of various tissue elements. He 
studied red blood cells, tumor and kidney tissue and found dif- 
ferential staining of different elements in these tissues. He also 
studied the effect of the fixative and presented theories regarding 
the reason for the differential pH staining reactions of the types 
of nuclei studied. 

Most of these methods for showing tissue isoelectric points were 
tried, but it was found that the point of acid and basic dye attach- 
ment was too indefinite to hope to obtain any correlation with an 
exact measurement such as a cataphoretic isoelectric point. By 
tr 3 dng these methods, however, as well as many new staining com- 
binations, it was possible to work out a method giving a sufficient 
degree of differentiation to make possible an exact study on the 
nucleoproteins and tissue nuclei. It was found that treatment of 
the tissue with a buffer solution followed by a short immersion in 
basic dye in buffer solution and then in acid dye solution gave the 
most satisfactory results. After each stage the tissues were 
rinsed briefly in water. After the final water rinse, an alcohol 
rinse was used to remove excess imcombined dye. Tolstoouhov 



E. G. KeUey 


76 


(11) and others have stated that the alcohol rinse was not advis- 
able because of its solvent action on the dyes. This was found to 
be true for a number of dye combinations but in the present 
method it serves to give even better differentiation than when it 
is not used. The use of this alcohol rinse did limit the dyes that 
could be used for this method. Triaminotriphenylmethane dyes 
such as basic fuchsin or methyl green in combination with acid 
counter-stains such as fast green and eosin gave dyes of mixed 
color which were readily soluble in alcohol. It was found that 
the dyes of the oxazine and thiazine type in combination with 
either light green or its homologue fast green were essential to 
satisfy the conditions for the fine differentiation required. Meth- 
ylene blue, toluidine blue, and thionine as thiazines were all very 
satisfactory and brilliant cresyl blue, an oxazine dye, gave fairly 
good differentiation. Toluidine blue was by all means the best 
dye found for this method. It was readily soluble in buffer solu- 
tions and gave clear, consistent nuclear staining. Thionine, 
when used in certain buffers, was good, but its lack of solubility 
was a very limiting factor in its use. Methylene blue was con- 
sidered to be too unstable chemically to be used over a period of 
time when constancy of color was desired. 

The detailed procedure followed can be given briefly. Acid 
and basic dyes were made up at a concentration of 0.1 per cent of 
real dye by dissolving weighed amounts of the dye in 50 cc. por- 
tions of buffer solutions. Thionine was soluble in Kolthoff's 
borax-succinic acid buffers from pH 3 to 5.8, but was not soluble 
in the Kolthoff borax-phosphate buffers nor in S0rensen’s citrate- 
HCl or NaOH buffers. In one series it was used in the Kolthoff 
buffers and in another it was used in dilute HCl and in acetate 
buffers to cover the pH range from pH 2 to 6. 

Toluidine blue was soluble in all of the buffers but was used 
mostly in Sdrensen's citrate-HCl and NaOH buffers, since these 
buffers covered the pH range desired from pH 2.0 to 7.0. Fast 
green was soluble in all buffers tried. All dyes were of known dye 
content and purity, as specified by the Commission on Standard- 
ization of Biological Stains, 

The buffers were made up at 0.2 pH intervals and their pH 
values determined to ±0.02 pH by means of a vacuum tube glass 
electrode apparatus similar to that described by Rosebury (12), 
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with a General Electric FP 64 vacuum tube. Likewise the dye 
solutions were tested and their pH value in buffer was found to 
±0.02 pH. 

Fixed tissues were cut 7 microns thick from paraffin and passed 
through xylol and alcohols to distilled water. Individual slides 
of a series were transferred to 50 cc. of buffer solution in a 35 X 80 
mm. glass shell vial. The slide was allowed to remain in buffer 
solution of the same pH as the acid and basic dye solution for 
15 minutes and was then rinsed in distilled water and transferred 
to the 0.1 per cent solution of the basic stain where it remained 
for exactly 1 minute. The sections were then rinsed free of ex- 
cess basic dye and transferred for 1 minute to the acid dye. After 
another water rinse the sections were dipped in 95 per cent alcohol 
until no further running of dye could be noted and then transferred 
to 100 per cent alcohol, alcohol-xylol, and xylol. All sections in 
the pH-stain series were mounted under balsam. In most ex- 
periments fifteen slides were stained at 0.2 pH intervals covering 
the range which preliminary experiments showed included the 
point at which no staining of nuclear material occurred and the 
point at which no further increase of nuclear staining could be 
detected microscopically. 

In these experiments on the staining of different tissues by the 
method just given, a number of different fixatives were used to 
determine their effect on the staining. Preliminary experiments 
were carried out with alcohol, acetic alcohol containing 6 per cent 
acetic acid, mercuric chloride at pH 2.0 and 6.0, formaldehyde at 
pH 2.0 and 6.0, and phosphotungstic acid at pH 2.0 and 6.0. 

A comparison microscope was used to enable direct comparison 
of two sections, stained under different conditions, for location and 
intensity of color. In most cases better intensity comparisons 
could be made by using a green contrast filter, such as the Wratten 
No. B2. 

When the observations on staining were made, the points at 
which basic dye combination with the different cell elements could 
first be detected were noted, and then the points at which no fur- 
ther increase in intensity of staining was apparent for the differ- 
ent nuclei were found. 

The results of the staining experiments on the different tissues 
and the various types of cell nuclei in these tissues are presented 
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in Table I. These results represent the values found for a number 
of series of each tissue with toluidine blue and fast green as the 
stains. 


Discussion of Staining Experiments 

The results found in the paper on extracted nucleoproteins 
showed that the dyeing of nucleoproteins and tissue nuclei fol- 
lowed very closely the nucleic acid content of the nucleoproteins. 
At a particular pH the tissue or nucleoprotein having the highest 
nucleic acid content dyed most strongly, while the one with the 
least nucleic acid took up much less dye at the same pH. From 
the data of the pH series in this same paper it was possible to show 
that with increasing pH, increasing amounts of dye combined with 
all of the substances, but that at any pH along the curve it was 
still true that the nucleoprotein with higher nucleic acid content 
was always more strongly dyed. The dyeing of nuclei and nucleo- 
proteins by means of this technique appeared much more nearly 
like a titration curve of a non-amphol3rtic substance than a dyeing 
due to surface electrical charges of an ampholyte. The isoelec- 
tric point of the extracted substance may not have been represen- 
tative of the isoelectric point of the nucleoprotein micelle of the 
fixed nucleus, but one thing was certain, that the isoelectric charge 
on the extracted nucleoprotein, as shown by electrical migration, 
had little influence on the dyeing of the same substance with 
toluidine blue. Most of the dye extraction experiments were 
carried out at pH values below the cataphoretic isoelectric point, 
since it was found that nearly full intensity of staining was reached 
below this point. Owing to the closeness of the staining reactions 
of extracted substance and the cell nuclei, it seems justifiable to 
say that the staining of the tissue nuclei was also independent of a 
point of electrical balance in any way similar to an actual isoelec- 
tric point. 

The fact is evident that when a basic dye and an acid dye are 
used for staining tissue there is a point on the pH scale below 
which the nuclear material is stained with the acid dye and above 
which basic dye staining occurs. This point might be considered 
an isoelectric point, but actually it appeared much more like a 
dissociation constant for some group in the nucleoprotein. The 
staining of the nuclei was not a sharply defined point, but began 
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with a very faint, scarcely perceptible, staining and continued 
‘gradually to a point where visually no increase in intensity of 
staining could be noted. Probably this first perceptible point of 


Table I 

pH-Stain Series; Toluidine Blue and Fast Oreen 





pH of basic dye solution 

Tissue 

Fixative 

Type of nucleus 

Point 

Point 




of fir^t 

of complete 




staining 

stainii^ 

Philadelphia 

96% alcohol 

Lymphocytes 

2.4 

2.7 

No. 1 sar- 


Necrotic area nuclei 

2.4 

2.7 

coma 


Mitotic nuclei 

2.7 

3.1 



Resting ** 

3.6 

4. 3-4. 4 


Mercuric 

Lymphocytes 

2.4 

2.7 


chloride, 

Necrotic area nuclei 

2.4 

2.7 


pH 6.0 

Mitotic nuclei 

2.7 

3.1 



Resting ‘‘ 

6.2 


Walker No. 256 

95% alcohol 

Lymphocytes 

2.4 

2.7 

carcinoma 


Necrotic area nuclei 

2.4 

2.7 



Mitotic nuclei 

2.6 

3.1 



Resting “ 

3.3 

3. 8-3. 9 


Mercuric 

Lymphocytes 

2.4 

2.7 


chloride, 

Necrotic area nuclei 

2.4 

2.7 


pH 6.0 

Mitotic nuclei 

2.6 

3.1 



Resting ** 

3.6 

4.4 

Thymus (rat) 

96% alcohol 

Thymocytes 

2.6 

3.2 


Mercuric 


2.8 

3.4 


chloride, 
pH 6.0 




Liver 

96% alcohol 

Lymphocytes 

2.4 

2.7 



Hepatic cell nuclei 

3.6 

3.9-4. 1 


Mercuric 

Lymphocytes 

2.4 

3.4 


chloride, 
pH 6.0 

Hepatic cell nuclei 

3.7 

4. 1-4. 3 

Spleen 

95% alcohol 

Lymphocytes, resting 

2.3 

2.6 



and mitotic 

White blood cells ex- 

3.0 

3.9 



cept above 
Reticular cells 

3.6 

4.0 


Mercuric 

Lymphocytes, resting 

2.3 

2.6 


chloride, 

and mitotic 




pH 6.0 

White blood cells ex- 

3.0 

4.0 



cept above 
Reticular cells 

3.6 

4.0 
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Table 1— Concluded 





pH of basic dye solutbn 

Tissue 

Fixative 

Type ol nucleus 

Point 
of first 
staining 

Point 

of oomplete 
staining 

Kidney 

96% alcohol 

Tubules of inner med- 
ullary zone 
Medullary zone tu- 
bule nuclei 
Glomeruli 

Proximal and distal 
tubule nuclei in cor- 
tex 

3.6 

4.0 

4.0 

6.8 

3.7 

6.0 

6.0 

6.7 

Nearly 

com- 

plete 


Mercuric 

Medullary nuclei 

3.6 

4.8 


chloride, 

Glomeruli 

3.6 

4.8 


pH 6.0 

Proximal and distal 
tubule nuclei 

4.0 

4.8 


basic staining is not actually the point of first attachment of the 
basic dye when one considers the low dissociation constants of the 
phosphoric acid groups of nucleic acid, but must represent the 
point at which enough basic dye has entered into the nucleopro- 
tein to overcome the masking effect of the acid dye. The acid 
dye must Also be decreasing in intensity at the same point in the 
molecule. This must account for the great differential effects in 
various elements in a single tissue and for the difference between 
different tissues. The nucleus having the nucleoprotein of greater 
nucleic acid content will bind more dye at the same pH than one 
of less nucleic acid content when the time of staining and the 
concentration of the solution are kept exactly the same. This 
latter condition is absolutely necessary if the staining of the dif- 
ferent types of nuclei is to be interpreted as an indication of the 
relative amounts of nucleic acid in the nucleoproteins of these 
nuclei. 

In Table I the two most readily detectable points of staining 
are given, the point of first visual attachment of the dye and the 
point at which staining appears to be complete. It is difficult to 
say which point is the most accurate for determining the nucleic 
acid content, but the point of complete staining appears to be 
best. For a single tissue it is possible to note this point for diffeiv 
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ent elements when they occur in close proximity to one another. 
For different tissues and unlike regions of the same tissue the 
comparison microscope allows a very accurate comparison of this 
point of complete and comparable staining with the different types 
of nuclei. 

It may be seen from Table I that the nuclei of the lymphocytes 
stain at the lowest pH value and must therefore have a nucleo- 
protein of the highest nucleic acid content. In comparing the 
three tissues used in the paper on nucleoprotein preparations, we 
jfind the thymocytes of the thymus gland stain at pH 3.2 (Fig. 11), 
the mitotic nuclei of tumor tissue at 3.1 to 3.2, the resting nuclei 
of Walker No. 256 tumor tissue at pH 3.8 to 3.9, and the resting 
nuclei of Philadelphia No. 1 tumor at pH 4.3 to 4.4. In the other 
tissues studied the lymphoc 3 d;e 8 likewise showed the lowest point 
of basic dye attachment, while other elements showed increasingly 
higher pH values before the basic staining was visually complete. 

The differential staining of the resting and mitotic nuclei of 
tumor tissue forms the most interesting phase of this work. From 
the reasoning already presented regarding the controlling factors 
in the staining of tissue nuclei, the fact is evident that the mitotic 
nucleus has a nucleoprotein of higher nucleic acid content than 
the resting nucleus in both types of tumor tissue investigated 
(Figs. 1 to 4, 7, and 8). Several possibilities as to the mechanism 
of this nucleic acid change can be suggested. More nucleic acid 
may come into the nucleus from a point of synthesis in the cyto- 
plasm or it may be synthesized in the nucleus. Protein may be 
split off from the nucleoprotein, leaving a substance relatively 
richer in nucleic acid. It is even possible that a reorientation of 
the groups in the nucleoprotein may place more phosphoric acid 
groups in a position for staining. 

In many cases it has been possible to find nuclei having the 
morphological appearance of a resting nucleus but with the stain- 
ing intensity of a mitotic nucleus. These nuclei were always 
found in close association with one or more mitotic nuclei. This 
would lead to the conclusion that the nucleic acid content of the 
chromatin material was already increeusing before the actual mor- 
phological changes of mitosis occurred. 

It is interesting to note at this point that Caspersson has already 
stated that he believes the mitotic nucleus has a higher nucleic 
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acid content than the resting nucleus, as shown by the greater 
intensity of the ultraviolet absorption bands of the mitotic nucleus 
(13). Whether this nucleic acid is free or combined with protein 
it is not possible to determine with absolute certainty. In these 
staining experiments the mitotic nucleus definitely has a higher 
nucleic acid content, but from the point of view of extracted 
nucleoprotein staining it seems likely that the nucleic acid of the 
tumor cell nucleus is still attached to protein. The combination 
must be rather labile, however, in order for the increase to occur 
as the cell goes through mitosis and for the decrease to occur after 
the cell returns to the resting stage. 

In regard to the possibility that protein may be split oS during 
mitosis there is only one observation that might lead to such a 
conclusion. That is, that in most of the cells undergoing mitosis 
there is a distinct increase in the intensity of the acid staining of 
the cytoplasm of these cells as if the cytoplasm were becoming 
more basic while the nuclei were becoming acid. 

As to the reorientation of the acid groups of the nucleoprotein 
the only thing that can be noted is that the staining of the nuclei 
does not appear to be a surface staining phenomenon, but rather 
there is a definite penetration of dye beneath the outer charged 
surface. As such, a change in nucleic acid groups to the surface 
should have little effect. 

The effect of fixation on the tissues is not quite as clear as 
appeared in the quantitative experiments carried out by the dye 
extraction methods. All of the tissues examined showed consider- 
ably less intensity of staining when fixed in mercuric chloride at 
pH 6.0 than shown by the corresponding alcohol-fixed slides. The 
resting nuclei of Philadelphia No. 1 and Walker No. 256 tumors 
showed the most pronounced effect. It was not possible to find 
any point on the pH scale at which the intensity of staining be- 
came equal to that of the alcohol-fixed nuclei. The intensity of 
staining did appear to increase with higher pH values and with 
Philadelphia No. 1 tumor at pH 6.2 it was almost equal in intensity 
to the alcohol-fixed nuclei at pH 4.3. Although there was a pro- 
nounced effect of mercuric chloride fixation on the resting nuclei 
of the tumor tissues, there appeared to be little if any effect on the 
mitotic nuclei of these same tissues. At pH 3.2, the point of com- 
plete staining of mitotic nuclei in alcohol-fixed tumor tissues, the 
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mercuric chloride-fixed tissue also showed numerous deeply stained 
mitotic nuclei. At pH 3.8 and 4.3, the points of complete staining 
of alcohol-fixed resting nuclei in Walter No. 266 and Philadelphia 
No. 1 tumors, the contrast between mitotic nuclei and resting 
nuclei is still very pronounced in the mercuric chloride-fixed tis- 
sues. This is shown in Figs. 5, 6, 9, and 10. With the thymocytes 
of rat thymus there was also some inhibition of basic staining but 
this was not as pronounced as with the resting tumor nuclei. 
The intensity of staining of the thymocytes was equal to that of 
the alcohol-fixed nuclei at pH values only 0.4 unit above the point 
of complete staining after alcohol fixation. 

The effect of formaldehyde fixation was even less clear than 
with mercuric chloride fixation. The nuclear material was more 
deeply stained than in alcohol-fixed tissue at a corresponding pH, 
but in the sections examined it was found that fixation of nuclear 
elements was rather poor and the color was much more diffuse 
than found with the other fixatives. Because of this diffuse 
staining, comparisons were difficult between the different sections 
in a pH-stain series. 

In addition to the three tissues investigated in connection with 
the quantitative dye experiments, a few other tissues from the rat 
were stained in the differential pH staining series. The tissues 
so far investigated have been liver, kidney, and spleen. Connec- 
tive tissue has also been studied where it occurred in connection 
with the other rat tissues. The complexity of the structure of 
these tissues renders them unsuitable for a study of the quantita- 
tive relations of extracted nucleoproteins and tissue nuclei. 

Liver tissue stained in the pH series showed clearly defined he- 
patic cell nuclei without other deep staining. The full intensity of 
these nuclei occurred at pH 3.9 to 4.1. Above this point the cyto- 
plasm appeared to show many fine stained granules which it is 
believed were chromidial bodies. Mercuric chloride-fixed tissue 
showed somewhat less intense hepatic nuclei at pH 3.9 to 4.1 but 
gave better contrast owing to the fact that the cytoplasm and 
granules retained their acid-staining capacity much more strongly 
in relation to the nuclear staining. 

The spleen was much too complex for an exact determination 
of the point of complete staining for all of the different elements to 
be made. The different elements appeared to stain progressively 
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with increasing pH of the stains. The really clear differentiation 
was notable in the germinal areas of lymphocyte formation. At a 
pH as low as 2.7, in alcohol-fixed sections, the lymphocytes, both 
resting and in division, showed very strong basic staimng (Fig. 12). 
Mercuric chloride-fixed sections showed what appeared to be a 
stronger repression of resting lymphocyte staining than mitotic 
cell staining, as noted so clearly with tumor tissue. The differ- 
ence was much less pronounced than with tumor tissue, however, 
owing perhaps to the relatively smaller percentage of protein in 
the lymphocyte nucleoproteins. As the pH of the stains increased, 
there was a progressive increase in the staining of nuclear elements 
in the spleen tissue. It appeared possible to differentiate between 
the reticular cells of the white pulp and the various white blood 
cells other than lymphocytes, but the exact pH values at which 
these various elements stained completely were not thoroughly 
investigated. 

Of the tissues other than thymus and tumor tissue the kidney 
was the most interesting. In these experiments the tissues were 
fixed in two ways: by immersion of the whole organ in the fixing 
fluid, and by perfusion of the fixing fluid through the glomerular 
capillaries by injection into the thoracic aorta near where it passes 
through the diaphragm. The results were exactly the same with 
both types of fixation and showed very interesting differences 
between alcohol- and mercuric chloride-fixed tissues. 

Alcohol-fixed sections showed no nuclear staining in any regions 
of the kidney at pH 3.1. At pH 3.7 the collecting tubules in the 
inner medullary zone were stained fairly strongly. At pH 4.6 the 
nuclei of the kidney capsule and of the glomeruli were quite in- 
tensely stained, while most of the nuclei in the tubules in the 
medullary zone were very intensely stained (Figs. 13 and 16). 
The nuclei in the proximal and distal convoluted tubules were not 
visible in the regions adjacent to the glomeruli in the cortical 
zone and were scarcely visible anywhere in the cortex (Fig. 13). 
At pH 5.2 the glomeruli were strongly stained as were also the 
nuclei of all cells in the medulla. At pH 6.2 the nuclei of the tu- 
bules in the cortex were readily visible but not stongly stained. 
These nuclei of the cortical tubule were finally stained with con- 
siderable intensity at a pH of 6.7 and at this point showed with 
good contrast against the green backgroimd of the fast green- 
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stained cytoplasm (Pig. 14). At pH 7.6 they were even more 
intensely stained but at this pH the cytoplasm had also stained 
to a slight extent with the basic dye so the contrast was not as 
good as in the sections at pH 6.7. In the mercuric chloride-fixed 
kidney an entirely different staining was found. The differential 
staining of the different types of nuclei was lacking to a very great 
extent. At pH 3.3 there was no nuclear staining, as noted in the 
alcohol-fixed sections, but at pH 3.9 all nuclei were beginning to 
stain quite strongly. At pH 4.6 in these mercuric chloride-fixed 
sections the nuclei of the proximal and distal tubules adjacent to 
the glomeruli were quite strongly stained as were all other nuclei 
in the sections (Fig. 16). The intensity of all nuclei increased 
somewhat above this pH but all were of equal intensity. 

It is difficult to explain these contradictory facts related to the 
staining of kidney sections. The rapidity of penetration of the 
fixing fluid in the perfusion type of fixation should rule out enzyma- 
tic or pH changes as a cause of the differential effects noted above. 
The only explanation considered reasonable is that in the alcohol- 
fixed sections the proximal and distal tubules contain some 
strongly basic salts which repress the staining with the basic dye 
until a high pH is reached. The tubules in the medullary zone 
were strongly stained in both alcohol- and HgClrfixed sections 
at a pH of 4.4, as were also the glomeruli. It appears likely that 
in the preparation of the mercuric chloride-fixed tissue, in which 
considerable washing with water was done, these basic salts which 
repressed staining of the nuclei in the alcohol-fixed sections were 
washed out. 

If such reasoning is valid, the staining procedure has not actually 
shown a difference in the nucleic acid to protein ratios of different 
types of cells in the kidney, but only a difference in the basicity of 
these cells in different regions of the kidney. 

SUMMARY 

1. A new method of differential staining of tissue nuclear ele- 
ments has been described. By means of this technique it has been 
possible to show chemical differences in various types of cell 
nuclei. 

2. The mitotic nucleus of transplantable rat tumor was shown 
to contain nucleoprotein of higher nucleic acid content than the 
resting nucleus. 
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3- Of the tissues studied, lymphocjrtes were found to contain the 
most acid nucleoprotein, with other nuclei containing less acid 
nucleoproteins, in the following order: thymocytes, mitotic tumor 
nuclei, reticular cell nuclei of spleen, resting cell nuclei of Walker 
No. 266 tumor, liver nuclei, and resting cell nuclei of Philadelphia 
No, 1 tumor. 

4. The action of j&xatives on nuclear staining by the above 
method has been discussed with special reference to the differen- 
tial effect of mercuric chloride on the mitotic and resting nuclei 
of tumor tissues. 

6. Kidney tissue fixed in alcohol showed greatly inhibited nu- 
clear staining in the proximal and distal convoluted tubules, 
while mercuric chloride-fixed tissue showed strong nuclear staining 
in all the tubules. 


BIBLIOGRAPHY 

1. Kelley, E. G., /. BioL Chem.y 127, 55 (1939). 

2. Craig, R., and Wilson, C., Stain Tech., 12, 99 (1937). 

3. Fautrez, J., Bull, hiatol, appl, physiol, et path. tech, mtcr., 13, 202 (1936). 

4. Seki, M., Z. ZeUf orach, u. mikr. Anat., 19, 238 (1933); 22, 707 (1935). 

5. Hammarsten, E., Hammarsten, G., and Teorell, T., Acta med. Scand.y 

68, 219 (19^). Hammarsten, E., and Teorell, T., Acta med, Scand., 
68, 226 (1928). 

6. Ha 3 me 8 , R., Stain Tech.^ 8, 131 (1928). 

7. Kelley, E. G., and Miller, E. G., J. Biol. Chem., 110, 119 (1935), 

8. Laves, W., Virchows Arch, path, Anat.^ 279, 618 (1931); Frank/. Z. 

Path., 43, 283 (1932). 

9. Niethardt, W., Dissertation, Medizinische Fakult&t, Munich (1935). 

10. Steam, E. W., and Steam, A. E., Stain Tech., 3, 87 (1928). 

11. Tolstoouhov, A. V., Stain Tech., 3, 49 (1928). 

12. Rosebury, F., Ind, and Eng. Chem., Anal. Ed., 4, 398 (1932). 

13. Caspersson, T., Skand. Arch. Physiol., suppl., 8, 151 (1936); BuU. 

hiatol. appl. physiol, et path. tech, micr., 14, 33 (1937); Protoplasma, 
27, 463 (1937). 


EXPLANATION OP PLATES 
Plate 1 

Fia. 1. Alcohol-fixed Philadelphia No. 1 tumor, stained with toluidine 
blue and fast green, showing combination of basic dye with mitotic nuclei 
at pH 3.2. X 960. Wratten No. B2 filter. 

Fio. 2. Same as Fig. 1, but showing combination of both resting and 
mitotic nuclei with basic dye at pH 4.3. 

Fio. 3. Same as Fig. 1. 

Fig. 4. Same as Fig. 2. 
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Fio. 5. Philadelphia No. 1 earooma, fixed in mercuric chloride at pS 6, 
stained with toluidine blue and fast green at pH 5.2, showing repression of 
staining of resting nucleus but not of mitotic nucleus. X 960. No. B2 
filter. 

Pro. 6. Same as Fig. 6, but at pH 6.2. 

Plate 2 

Fig. 7. Walker No. 256 tumor fixed in alcohol, stained in toluidine blue 
and fast green at pH 3.2. Mitotic nuclei and a few lymphocytes stained. 
Resting nuclei not stained. X 960. Wratten No. B2 filter. 

Fig. 8. Same as Fig. 7, but showing combination of both resting and 
mitotic nuclei with basic dye at pH 3.9. 

Fig. 9. Walker No. 256 carcinoma, fixed in mercuric chloride, showing 
repression of resting nucleus staining with basic dye at pH 4.3 but not of 
mitotic nucleus staining, X 960. No. B2 filter. 

Fig. 10. Same as Fig. 9, but showing that resting nucleus staining is 
not as strongly inhibited as it is in Philadelphia No. 1 tumor after mercuric 
chloride fixation. 

Fig. 11. Rat thymus fixed in alcohol, stained in toluidine blue and fast 
green, showing strong staining of thymocytes at pH 3.2. X 487.5. No. 
B2 filter. 

Fig. 12. Hat spleen fixed in alcohol, stained in toluidine blue and fast 
green at pH 2.7, showing strong staining of mitotic and resting lympho- 
cytes at this low pH value, X 487.5. No. B2 filter. 

Plate 3 

Fig. 13. Rat kidney fixed in alcohol, stained in toluidine blue and fast 
green at pH 4.6, showing strong staining of nuclei of the glomerulus but 
no basic dye staining of nuclei of proximal and distal convoluted tubules. 
X 243.75. Wratten No. B2 filter. 

Fig. 14. Similar region of alcohol-fixed kidney, stained in toluidine blue 
and fast green at pH 6.7, showing nuclei of proximal and distal convoluted 
tubules stained at this pH. X 243,75. No. B2 filter. 

Fig. 15. Alcohol-fixed kidney tissue, showing strong staining of nuclei 
of medullary region with toluidine blue at pH 4.6, in contrast to lack of 
staining of nuclei of proximal and distal convoluted tubules of cortex at 
the same pH. X 243.75. No. B2 filter. 

Fig. 16. Mercuric chloride-fixed kidney tissue, stained in toluidine blue 
and fast green at pH 4.6, showing nuclei of proximal and distal convoluted 
tubules, stained at this pH after mercuric chloride fixation and subsequent 
washing out of basic salts which inhibited staining in alcohol-fixed sections. 
X 243.75, No. B2 filter. 
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SYNTHESIS OF CYSTINE BY THE ALBINO RAT* 

By ELIOT F. BEACHf and ABRAHAM WHITE 

{From the Laboratory of Physiological Chemistry ^ Yale University School of 
Medicine^ New Haven) 

(Received for publication, October 18, 1938) 

Within the past few years evidence has been accumulating 
which is indicative of the probable conversion of methionine to 
cystine in the animal organism. It has been demonstrated (1, 2) 
that methionine is as effective as cystine in increasing the growth 
rate of animals restricted to a low dietary intake of the sulfur- 
containing amino acids. The feeding of methionine has also 
been found to make available extra cystine for the detoxication 
of bromobenzene (3, 4), naphthalene (5), iodoacetic acid (6)> 
and probably also for the detoxication of cholic acid (7). Further- 
more, the oral administration of methionine to cystinuric in- 
dividuals led to an increased excretion of cystine in the urine 
(8, 9) ; and either cystine or methionine, given to bile fistula dogs, 
caused an augmented output of taurocholic acid in the bile 
(10). More recently, it has been demonstrated (11) that the 
addition of methionine to the diet of young rats fed a ration 
known to be deficient in the sulfur-containing amino acids results 
in an increased hair production and a higher percentage of total 
suKur and of cystine in this hair. 

Although the results of these contributions strongly suggest 
that cystine may be replaced by methionine in the diet, probably 
by virtue of the conversion of methionine to cystine, it is only 
recently that definite proof has been obtained (12-14) that 
cystine is entirely dispensable in nutrition when adequate methio- 

This investigation was aided by a grant from the Fluid Research Fund 
of Yale University School of Medicine. 

t This paper is taken from a portion of a thesis presented by Eliot F. 
Beach as partial fulfilment of the requirements for the degree of Doctor of 
Philosophy, Yale University. 
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nine is available. In the present study, further confirmatory 
evidence of the non-essential dietary nature of cystine was sought 
in an investigation of the ability of the animal organism to produce 
cystine from non-cystine precursors. By feeding a practically 
cystine-free diet to rats, it has been possible to demonstrate 
that the animals deposited in their tissues an amount of cystine 
in excess of that wMch might be accounted for on the basis of 
daily cystine intake plus the cystine originally present in the 
animal at the beginning of the experiment. After the completion 
of these experiments, the results of a similar investigation were 
published by Dawbam (15). The latter investigator observed 
that the amount of cystine stored in the hair of rats, fed on a 
basal diet essentially free of cystine and supplemented with 
methionine, was very much greater than that ingested by the 
animals, and concluded that evidence had been obtained for the 
conversion of part of the dietary methionine to cystine. 

EXPERIMENTAL 

A casein hydrolysate, from which cystine was removed by a 
modification of the procedure of Vickery and White (16), was 
used as the source of nitrogen for the experimental diet. This 
hydrolysate was prepared as follows: 

1.5 kilos of casein^ were hydrolyzed for 18 hours with 450 gm. 
of granular tin metal and 7 liters of 7.2 n sulfuric acid. At the 
end of the hydrolysis period the solution was decanted from the 
tin and divided into five equal portions, each of which was treated 
according to the following procedure. 

The acid concentration was brought to about 2 n by diluting 
the acid hydrolysate with the correct quantity of distilled water. 
To the warm (45°) solution was then added a water suspension 
of cuprous oxide (Kahlbaum^s) until a definite excess of the 
cuprous oxide was present. Efficient mechanical stirring was 
maintained during the addition of the oxide. The solution was 
brought to pH 4 to 5 with hot saturated barium hydroxide solution 
and then chilled for 24 hours. The insoluble material was re- 
moved by centrifugation. 

The clear supernatants from each of the five portions of the 

1 Technical casein (Lister Brothers, Inc., New York). 
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hydrolysate, treated as described above, were then combined and 
saturated with hydrogen sulfide to remove the dissolved copper 
and tin. The solution was filtered free of the insoluble sulfides 
and evaporated to about 8 liters on the steam bath in vacuo. The 
sulfuric acid still remaining in solution was removed exactly by 
precipitation with barium hydroxide. The barium sulfate was 
removed by filtration, the filtrate concentrated to a small volume 
on the steam bath in vacuo^ transferred to an evaporating dish, 
and evaporated to dryness. The residue was thoroughly dried in 
a vacuum oven at 70° and ground to a fine powder. 

The resulting dry hydrolysate of casein was analyzed for cystine 
by both the specific Sullivan method (17) and by the Vickery 
and White procedure (16). Both methods showed no cystine 
present. It was concluded, therefore, that the removal of cystine 
had been complete. The cystine-free casein hydrolysate was 
incorporated in a diet of the following composition: casein hydrol- 
ysate 14.7, tryptophane 0.3, Crisco 21, cod liver oil 5, Osborne 
and Mendel (18) salt mixture 4, and starch 55 per cent. 

A group of twelve male rats was placed on the above diet at 
weaning (21 days of age) and fed the ration ad libitum. Each 
rat received in addition to the above diet a daily supplement of 
100 mg. of ryzamin-B (Burroughs Wellcome Company) and 50 mg. 
of Liver Extract 343 (Eli Lilly and Company). While this 
quantity of supplement is not optimum, it provided sufficient 
water-soluble vitamin to permit a fair rate of growth.* This 
vitamin supplement represents the only possible dietary source 
of cystine, inasmuch as the casein hydrolysate used in the diet 
was cystine-free. Analyses of the vitamin preparations em- 
ployed revealed that the ryzamin-B contained 0.046 per cent 
organic suKur and the liver extract 0.654 per cent organic sulfur. 
Therefore, a daily intake of 100 mg. of ryzamin-B and 50 mg. of 
Liver Extract 343 represents a daily total organic sulfur intake 
of 0.373 mg. If all of the organic sulfur in the total vitamin 
supplement is calculated as cystine, the noaximum figure for the 
daily cystine intake for each animal is only 1.4 mg. 

At the end of the feeding period (40 to 44 days) the experi- 
mental animals were killed and the gastrointestinal tract and 

* Acknowledgment is made to Dr. A. U. Orten for making available her 
data on the adequacy of this vitamin B supplement. 
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contents removed and discarded. The pelt and carcass of each 
animal were hydrolyzed separately in 100 and 150 cc. respectively 
of 20 per cent hydrochloric acid for 24 hours. The solutions were 
allowed to cool, so that the hydrolysate could be quantitatively 
freed, by filtration, from the solid fat and the larger humin 
particles. The filtrate and washings from each carcass digest 
were made to a volume of 250 cc. and the hydrolysate and washings 
from each pelt were made to a volume of 200 cc. with distilled 
water. The individual hydrolysates were next subjected to a 
quantitative analysis for cystine by the iodometric titration 
method developed by Virtue and Lewis (19) for urine and applied 
more recently by Virtue and Beard (20) to whole rats. After the 
completion of the analytical work on these animals fed the '^cys- 
tine-free’^ diet, Graff, Maculla, and Graff (21) described a modified 
cuprous oxide cystine method (16) applicable to tissues. This 
made possible the checking of the cystine values obtained in 
control groups of animals (see below) by two methods, the iodo- 
metric technique and the cuprous oxide procedure. Satisfactory 
agreement was obtained in the analytical values yielded by 
these two methods.® 

It is of course realized that by both these methods not only 
cystine but probably also any other substance of a sulfhydryl 
nature or substances which yield sulfhydryl under the reducing 
action of the zinc employed in the analytical methods will be 
determined. For example, homocysteine or homocystine, which 
might be formed in the metabolism of methionine and deposited 
in the body tissues, would probably be included in the deter- 
minations conducted. Moreover, the iodometric method may be 
greatly influenced by the presence of other reducing substances 
in tissues, although the technique devised by Virtue and Lewis 
(19) has diminished the significance of this source of error. De- 
spite these valid objections, the good agreement between the 
cystine values found by the two methods of analysis in the in- 
stances in which both procedures were employed leads to the 
belief that the magnitude of the analytical error attributable to 

* Graff, Maculla, and Graff (21) present a choice of a total nitrogen or a 
total sulfur determination on the thoroughly washed cysteine cuprous 
mercaptide precipitate. In the present experiments total nitrogen was 
determined by the micro-Kjeldahl procedure. 



E. F. Beach and A. White 


91 


non-spedficity of chemical reactions involved is not great. The 
most logical criticism involves the interpretation of the results. 
It is undoubtedly more logical to consider the analytical values 
as representing total mlfhydryl rather than total cystine^ even 
though the latter amino acid represents the major portion of the 
total sulfhydryl of the organism.'* 

Control animals were needed in order to estimate the average 
cystine content of weanling rats per gm. of body weight; from 
the latter value it is possible to calculate the approximate cystine 
content of each animal in the experimental group at the start 
of the feeding period. For this purpose, six 21 day-old rats, 
from six different litters, were selected, having body weights close 
to those of the experimental animals at the beginning of the 
feeding period. These six animals were immediately sacrificed 
and analyzed by the same method which was employed for the 
experimental group. Furthermore, as already discussed, six 
additional 21 day-old rats were analyzed by the method of Graff, 
Maculla, and Graff (21) for comparative purposes. 

Results 

The results of the analyses of the control animals are given 
in Table I. The data show that the cystine content of the young 
rat per gm. of body weight may be quite variable. Furthermore, 
differences in total body concentration of this amino acid are 
largely due to variations in the pelt values. Extreme divergence 
of values is seen in Rats 119 and 124; the other ten rats yielded 
figures closer to the average. Inasmuch as the cystine content 
of the pelt reflects the condition of the fur and the quantity of 
fur present, and since this in turn depends on the nutritional 
and developmental status of the animal, it is not surprising that 
such a variability exists in the values obtained for the cystine 
content, per gm. of body weight, of immature animals of different 
sizes and from different litters. As already noted, there is satis- 
factory agreement between the cystine values obtained by the 
method of Virtue and Lewis (19) and those resulting from the 
application of the Graff, Maculla, and Graff (21) method of 
C3rstine analysis. 

* In the form of cystine, cysteine, and glutathione, either free or in the 
body proteins. 
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The data obtained on the twelve experimental animals are 
summarized in Table II. It is of interest to note the good growth 
exhibited by the animals ing^ting the diet which was essentially 
devoid of cystine. The growth of these animals, therefore, on 
the diet containing the cystine-free hydrolysate affords confir- 
mation of growth studies (13) on diets known to be cystine-free 
by virtue of the purity of the individual amino acids fed. 

Table I 


Cystine Content of Rate at Weaning 


Rat No.* 

Rat 

weight 

Cystine content 
of pelt 

Cystine content 
of carcass 

Total cystine content 

Total 1 

Per m. 
body 
weight 

Total 

Per am. 
body 
weight 

Total 

Per na. 
body 
weight 


gm. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

119 

44 

60.6 

1.38 

43.8 

1.00 

104.4 

2.38 

120 

43 

78.0 

1.81 

37.8 

0.88 

115.8 

2.69 

121 

39 

69.4 

1.78 

35.6 

0.91 

105.0 

2.69 

122 

41 

81.2 

1.98 

43.8 

1.07 

125.0 

3.05 

123 

41 

80.8 

1.97 

34.0 

0.83 

i 114.8 

2.80 

124 

49 

130.0 

2.66 

43.8 

0.89 

173.8 

3.55 

125 

40 

56.2 

1.40 

39.2 

0.98 

95.4 

2.38 

126 

45 

72.6 

1.61 

43.5 

0.96 

116.1 

2.57 

127 

42 

90.8 

2.16 

49.2 

1.17 

140.0 

3.43 

128 

37 

83.6 

2.53 

39.8 

1.07 

123.4 

3.60 

129 

40 

77.2 

1.93 

30.3 

0.82 

107.5 

2.75 

130 

44 

85.8 

1.95 

37.8 

0.86 

123.6 

2.81 

Average 

1.93 


0.95 


2.89 


* Cystine analyses on Rats 119 to 124 were conducted by the method of 
Virtue and Lewis (19); Rats 125 to 130, by the method of Graff, Maculla, 
and Graff (21). 


The total cystine intake values of the experimental animals 
were calculated by multiplying the number of days the diet 
was consumed by the maximum possible daily intake of this 
amino acid in the vitamin supplement (f.e., 1.40 mg. of cystine 
per day). The initial cystine content values were obtained by 
multiplying the initial body weights by the average cystine per 
gm. of body weight present in control animals (Table I). The 
final cystine values were obtained by analyses of the rats. The 
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minimuin cystine synthesis could then be calculated by subtracting 
the sum of the total initial body cystine content plus total cystine 
intake from the total quantity of this amino acid present in the 
animals at the end of the experimental period. 

It is interesting that all of the animals except one deposited 
significantly more cystine than could be accounted for on the 
basis of that present in the rats at the start of the feeding period 
and that which might possibly have been fed preformed in the 

Tablb II 


Cystine Content and Extent of Cystine Synthesis in Rats Ingesting 
Cystine-Low Diet 


Rat No. 

Weight of 
rat 

Period on diet 

Total cystine in- 
take 

• 

Initial cystine 
content 

Final cystine content 

Inithd body cys- 
tine total cys- 
tine intake 

Minimum cystine 
synthesis 

Initial 

Final 

A® 

1 

i 

a 

Total 

1 

Pm 

! 

08 

o 

Total 


gm. 

gm. 

day9 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

106 

46 

152 

40 

56 

89 

44 

133 

196.8 

107.5 

304 

189 

115 

107 

39 

101 

40 

56 

75 

37 

112 

161.2 

92.0 

243 

168 

75 

108 

41 

134 

40 

56 

79 

39 

118 

184.4 

117.0 

301 

174 

127 

109 

43 

114 i 

42 

59 

83 

41 

124 

154,0 

104.0 

258 

183 

75 

111 

50 

135 i 

41 

57 

97 

47 

144 

229.6 

116.0 

336 

201 

135 

112 

50 

146 

40 

56 

97 

47 

144 

209.6 

110.0 

320 

200 

120 

113 

49 ! 

113 ! 

42 

59 

95 

46 

141 

166.4 

103.0 

269 

200 

69 

114 ! 

47 

82 

42 

59 

91 

45 

136 

112.8 

87.0 

200 

195 

5 

115 

53 

122 

41 

57 

102 

50 

152 

178.3 

119.5 

298 

209 

89 

116 

42 

135 

44 

61 

81 

40 

121 

164.5 

111.0 

276 

182 

94 

117 

40 

125 

44 

61 

77 

38 

115 

139.0 

122.0 

261 

176 

85 

118 

52 

128 

40 

56 

100 

49 

149 

182.0 

117.0 

299 

205 
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vitamin supplement. Rat 114, which grew very poorly, was an 
exception. The other animals each deposited an average of more 
than 2 mg. of cystine daily in excess of the amount ingested with 
the diet. This quantity must have been synthesized from non- 
cystine precursors. Additional evidence is'thus provided that 
cystine is not a dietary essential for the albino rat provided 
enough of the cystine precursor, or possible precursors, is available. 
These experiments, viewed in the light of the results of other 
investigations and present day information, may be interpreted 
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as direct proof of the transformation of methionine to cystine 
in the living organism. 


SUMMARY 

1. Cystine was quantitatively removed from a casein hydrol- 
ysate by precipitation as cysteine cuprous mercaptide. 

2. This hydrolysate served as the principal source of nitrogen 
in a diet which was adequate in all other respects. The only 
possible dietary source of cystine was the vitamin supplement. 
The organic sulfur content of the latter supplement, calculated 
as cystine, permitted a maximum total cystine intake of 1.4 mg. 
daily. 

3. The diet was capable of producing a fair rate of growth in 
young rats. Furthermore, analyses of the animals revealed that 
young rats restricted to this diet over a period of approximately 
6 weeks usually deposited a quantity of cystine which was con- 
siderably in excess of the amount present at the start of the 
experiment plus the small amount possibly present in the vitamin 
supplement. 

4. It is confirmed that cystine per se is not a dietary essential, 
but may be synthesized from methionine. 
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Little is known of the metabolic behavior of the completely 
methylated derivatives of the amino acids, the betaines, so widely 
distributed in the tissues of plants and of invertebrate animals 
(1,2). The a-betaines, of most common occurrence in nature, are 
usually stated to be physiologically inactive and to be excreted 
unchanged in the urine when administered to the higher animals 
(1-3). Kohlrausch (3), although he accepted this conception of 
physiological inertness, suggested that after oral administration 
of the betaine of glycine to rabbits, partial demethylation oc- 
curred and trimethylamine was excreted in the urine. The con- 
version by partial demethylation of betaine to sarcosine as a 
precursor of creatine has also been suggested (4), although the 
experimental evidence in support of such a conversion is hardly 
convincing. The hypothesis that the betaines escape extensive 
metabolic change is based chiefly upon their isolation from the 
urine, a procedure fraught with difficulty and hardly quantitative. 

The betaine of cystine has recently been synthesized (5) and is 
available for metabolic study. It is known that the sulfur of 
N-substituted derivatives of cystine is not oxidized to sulfate and 
excreted in the urine as readily as is the sulfur of cystine (6-9). 
Since the amino group of cystine is blocked by methyl groups in 
the cystine betaine, if cystine betaine were not demethylated, it 
would be anticipated that after its administration, the sulfur would 
escape oxidation, and that the sulfur of cystine betaine would con- 
stitute a part of the organic sulfur of the urine. If, on the other 
hand, any extensive demethylation occurred, as suggested by 
Kohlrausch, the sulfur of the demethylated derivative might be 
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expected to be oxidized and to appear in the urine in the sulfate 
sulfur fraction. 

If partial demethylation of cystine betaine occurred biologically, 
a reaction analogous to the suggested conversion of the betaine of 
glycine to creatine, the formation of N,N'-dimethylcystine should 
result. The biological behavior of this cystine derivative has not 
been extensively investigated, since its synthesis has presented 
difficulties (10). If the theory that N-monomethylamino acids 
are converted to the corresponding a-keto or a-hydroxy acids is 
correct (11, 12), N,N'-dimethylcystine should be readily oxidized 
and utilized. The N-methyl derivatives of homocystine and 
methionine have been shown to promote growth of the young 
white rat, when added to a diet known to be deficient in its content 
of total sulfur-containing amino acids and low in cystine (13). 
Amino-N-methyltryptophane (14) and amino-N-methylhistidine 
(16) can be utilized for growth by the young white rat, replacing 
tryptophane and histidine respectively.^ 

In view of these considerations, a study of the metabolic be- 
havior of cystine betaine has been undertaken. The presence of 
sulfur in the molecule has made possible a method of approach to 
the study of the behavior of the betaines, other than that of the 
isolation of the compound under investigation from the urine. 
The distribution of urinary sulfur after oral and parenteral ad- 
ministration of cystine betaine to the rabbit has been studied. In 
view of the results obtained with N-methyl derivatives of homo- 
C3^tine and methionine (13), the utilization of cystine betaine for 
the promotion of growth of the young white rat was investigated. 
No indications that the betaine of cystine undergoes significant 
metabolic changes in the organism of these two species were ob- 
tained. 

Oxidation of Sulfur of the Betaine of Cystine — The general pro- 

1 It is, of course, not permissible to assume, without direct experimental 
proof, that the a-hydroxy or a-keto derivatives of the naturally occurring 
amino acids all follow similar metabolic paths. These derivatives of 
cystine are difficult to prepare in a state sufficiently pure for convincing 
metabolic study. Similarly, not all the amino-N -methyl derivatives of 
the amino acids show the same biological behavior. In contrast to the 
a-N-methyl derivatives of tryptophane, histidine, and methionine, a- 
monomethyllysine failed to replace lysine for purposes of growth in the 
organism of the white rat (16). 
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cedure and analytical methods were those commonly employed in 
this laboratory in similar studies of the oxidation of sulfur com- 
pounds (17). Adult male rabbits weighing approximately 3 
kilos served as experimental animals. In order to afford a basis 
for comparison between the metabolic behavior of cystine and its 
betaine, the oxidation of the sulfur of cystine was also studied in 
control experiments with each animal. 

The cystine was prepared from hair, and the betaine of cystine 
according to the procedure of Schubert (5). The specific rotation 
of the J-cystine (1 per cent solution in n hydrochloric acid) meas- 
ured at 25® and with the use of the sodium flame was —210®. 
Both the cystine and the betaine of cystine were shown to be of 
satisfactory purity by analyses for nitrogen and sulfur. 

The readily soluble betaine was administered in aqueous solu- 
tion, while the less soluble cystine was converted to the sodium 
salt by dissolving in the theoretical amount of a solution of sodium 
carbonate. Both compounds were fed or injected in amounts 
equivalent to 0.333 gm. of sulfur. 

The results are summarized in Table I. The extra sulfur as 
here presented was obtained by subtracting the average daily 
urinary sulfur excretions of the control fore and after periods from 
the sulfur excretions of the various experimental periods. The 
extra sulfur was also calculated by subtracting the ^‘predicted^^ 
sulfur values from the amounts excreted on the days the various 
experimental substances were administered. The average N:S 
and N :S 04 S ratios of the urines of the control days were deter- 
mined. On the basis of these ratios, the predicted sulfur excre- 
tions were obtained by dividing the nitrogen values of the experi- 
mental days by the appropriate ratio. In this method of calcula- 
tion, any extra sulfur which might result from a general increase 
of protein metabolism associated with an increased nitrogen ex- 
cretion is taken into consideration. In previous studies of sulfur 
metabolism, we have occasionally observed a stimulation of tissue 
catabolism and an associated increase in the elimination of both 
nitrogen and sulfur. No such increased catabolism was observed 
in the present series and the extra sulfur values calculated by the 
two methods were in good agreement. For example, the extra 
sulfur values of Experiment E-1, calculated from the predicted 
sulfur values, were 0.22 and 0.157 gm. (total and sulfate sulfur re- 
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spectively), which may be compared with the corresponding values 
of 0.226 and 0.160 gm. calculated from the average normal urinary 
sulfur excretion. Similar values for Experiment F-7 were 0.300 
and 0.018 gm. respectively, as compared with 0.313 and 0.030 gm. 

The data require little comment. After parenteral administra- 
tion, the sulfur of the betaine of cystine was not oxidized and 
excreted in the urine as sulfate sulfur, since the extra sulfur of the 
urine consisted in large part of organic sulfur. Thus, only 5 and 


Tablb I 

Distribution of Extra Sulfur in Urine Excreted in 24 Hour Period 
Immediately Following Administration of l-Cystine and the 
Betaine of l-Cystine 

Extra sulfur values are expressed as per cent of the total sulfur adminis- 
tered, the figures in parentheses showing the percentage distribution of 
the extra sulfur between sulfate and organic sulfur. The sulfur content of 
the compounds fed was, in all cases, 0.333 gm. The letters of the experiment 
number are used to designate the individual experimental animals, while 
the numeral refers to the number of the experiment. All experiments 
bearing the same letter were carried out with the same animal. 


Experi- 

ment 

No. 

Mode of 
administration 

Compounds fed 

Extra sulfur excreted 

Total 

Sulfate 

Organic 

E-l 

Oral 

Z-Cystine 

67.6 

47.7 (71) 

19.9 (29) 

F-6 

(( 

4( 

74 

55 (74) 

19 (26) 

E-4 

Subcutaneous 

it 

76 

62 (69) 

24 (31) 

F-8 

<< 

(t 

93.4 

66 (72) 

27.4 (28) 

E-2 

Oral 

Cystine betaine 

61.6 

ie.2 (31) 

42.3 (69) 

F-6 

it 

ti t* 

82.5 

27 (33) 

55.5 (67) 

E-3 

Subcutaneous 

a a 

82 

4.5 (5) 

77.4 (95) 

F-7 

n 

a i( 

90 

5.4 (6) 

84.6 (94) 


6 per cent of the extra sulfur were excreted as sulfate sulfur after 
subcutaneous injection of the betaine, percentages which may be 
contrasted with 69 and 72 per cent of the extra sulfur excreted 
as urinary sulfate sulfur when cystine was injected similarly into 
the same animals. These results are comparable to those pre- 
viously obtained by one of us (L.) in studies with a-phenylureido- 
cystine (6) and dibenzoylcystine (8) and indicate that blocking 
the amino group by complete methylation results in a failure of 
the oxidation of the sulfur of the cystine derivative to sulfate 
sulfur. 
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In experiments in which the betaine was fed, there was observed 
some increase in the excretion of sulfate sulfur, an increase which 
is believed to be greater than the error of the experimental pro- 
cedure and to represent oxidation of part of the betaine sulfur. 
We have discussed previously the possible modification of the 
metabolic behavior of cystine and related sulfur derivatives (18) 
by the microflora of the intestine. This effect of the microflora 
has recently been the subject of direct experimental study (19). 
We have observed similar slight increases in the excretion of sul- 
fate sulfur after oral administration of substituted derivatives of 

Table II 

Food Consumption and Increase in Weight of Rats Fed Basal {Cystine^ 
Deficient) Diets Supplemented by Cystine and Betaine of Cystine 
{Litter S) 

The animals of Group VI were females; the other animals, males. The 
experimental feeding period was of 42 days duration. 


Group 

No. 

Rat No. 

Supplement to baeal diet 

Food 

average 

daily 

1 

Wei 4 (ht 

initial 

Gain 

- 

Average 

daily 

PerlOO 
gm. food 




gm. 

0m. 

gm. 

gm. 

IV 

3214 

Cystine 

4.8 

63 

1.38 

29.0 


3212 

Betaine of cystine 

4.8 

63 

0.37 

7.6 

V 

3225 

Cystine 

6.2 

67 

1.37 

21.0 


3226 

II 

6.2 

67 

1.22 

23.8 


3327 

Betaine of cystine 

6.3 

69 

0.27 

6.2 

VI 

3237 

Cystine 

6.2 

62 

1.19 

23.8 


3333 

Betaine of cystine 

6.2 

69 

0.21 

3.9 


3338 

II II II 

5.2 

63 

0.35 

6.9 


cystine (6, 8). The greater part of the extra sulfur in the present 
series, as in the previous experiments, is to be found in the organic 
sulfur fraction of the urine. 

Availability of Betaine of Cystine for Growth of Young White Bats 
— Young rats in litter units were fed a basal diet low in its content 
of cystine for a period of 14 days. The diet of White (20) was 
modified to contain 5 per cent instead of 6 per cent of casein 
(Labco brand, vitamin-free) and 1 per cent of agar. Water- 
soluble and fat-soluble vitamins were supplied by the separate 
administration of dried brewers’ yeast (approximately 400 mg.) 
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and cod liver oil (3 drops) daily. During this preliminary period, 
the animals either failed to gain or showed slight increases in 
weight. After the preliminary feeding period, the animals were 
divided into two groups and the paired feeding method em- 
ployed. One group received cystine as a supplement (0.5 per 
cent) ; a second group received the betaine of cystine in amounts 
equivalent in sulfur content to 0.5 per cent of cystine. With one 
litter, a third group was continued on the basal diet also. Ex- 
periments with three litters, which included twelve rats on the 
diet containing the betaine and ten rats on the diet containing the 
cystine supplement, were conducted over a period of 42 days. The 
results were uniform and may be illustrated by the detailed presen- 
tation of the data for a single litter (Table II) . The animals which 
received supplementary cystine showed good growth responses, 
while their litter mates which received the betaine of cystine as a 
supplement in place of cystine failed to grow satisfactorily, the 
rate of growth being similar to that of animals to whose diet (basal) 
no supplement was added. It is evident that the betaine of cys- 
tine is not adequate for the promotion of growth when used as a 
supplement to a diet known to be low in its content of cystine. 
These results are comparable to those of Jackson (21) who sup- 
plemented a diet deficient in its content of tryptophane with the 
betaine of this essential amino acid. 

SUMMARY 

1. After the subcutaneous injection of the betaine of Z-cystine 
into rabbits, a study of the distribution of the extra sulfur of urine 
did not indicate any oxidation of the sulfur of this cystine deriva- 
tive, since the extra sulfur observed was present in the organic 
sulfur fraction. The slight increase in oxidized (sulfate) sulfur 
of the urine observed after oral administration of cystine betaine 
is believed to be the result of the activity of the microflora of the 
intestine, which yields products capable of being oxidized to sul- 
fate. 

2. Cystine betaine did not fimction as did cystine in the pro- 
motion of growth of young white rats fed a basal diet low in its 
content of cystine. 

3. These results are consistent with the generally accepted be- 
lief that the completely methylated derivatives of the a-amino 
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acids, the a-betaines, are not readily broken down and utilized in 
the metabolism of the higher animals. 
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ON THE UNION OF THE NUCLEOTIDES IN RIBO- 
NUCLEIC ACID 

By R. STUART TIPSON and P. A. LEVENK 

(From the Laboratories of The Rockefeller Inetitvie for Medical Research, 

New York) 

(Received for publioation, Ootol>er 21, 1938) 

Bredereck and Richter* have announced their discovery of a 
new product of partial, hydrolysis of ribonucleic acid, namely, 
"guanine-uridylic acid,” having the following structure. 

N=C-OH 

I I 

H H H H OC CH 

I I I I I II 

HO • H,C— C— C— C— C— N— CH 

I I 

O OH 

HN— CO 
HN— C C— NH 

\ 

CH 

The extreme importance of a substance of this structure (in the 
theory of the mode of union of the individual nucleotides in the 
tetranucleotide molecule) induced us to repeat the experiments 
of the above writers, particularly since in one respect their formula- 
tion is in disagreement with the observation of Levene and Jacobs* 
that the primary amino groups of the purine and pyrimidine bases 
are not substituted in the tetranucleotide. On the basis of this 
observation there can be no P — N union in the case of cytidine nor, 

1 Bredereck, H., and Richter, G., Ber. chem, Gea^t 69, 1129 (1936). 

* Levene, P. A., and Jacobs, W. A., Bar, chem, Gea,^ 43, 8160 (1910). 
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perhaps, in the case of uridine. It also seemed to us peculiar that a 
substance of this alleged composition was not obtainable by Bred- 
ereck and Richter in crystalline form. 

Following the directions of these authors we were able to obtain 
substances having an elementary composition approaching that 
of the substances described by them, as shown in Table I. 

It can be seen that all these substances have a composition 
approaching the theoretical for guanino-uridylic acid, but not one 
is in complete agreement with the theory. An absolutely pure 
substance could scarcely be expected, when the methods of prepara- 
tion and the properties to be expected of guanino-uridylic acid 
are taken into consideration. 

In agreement with the statement of Bredereck and Richter, the 
substance forms no precipitate with an ammoniacal solution of 


Table I 

Compoaition of Various Samples of *^Ouanine~Uridylic Acid^* 



C 

H 

N 

P 

Sample No. 

CnHiflOjNrP, calculated. . 

36.75 

3.53 

21.44 

6.79 


Bredereck and Richter. . . 

37.20 

4.10 

21.61 

6.61 


Tipson and Levene 

36.04 

4.32 

21.79 

6.71 

541 

it it 

36.00 

4.16 

21.76 

6.46 

531 

tt it a 

36.15 

4.08 

23.00 

6.65 

562 

ti it tt 

35.14 

4.22 

21.92 

6.65 

804, 1937-38 


silver nitrate. In disagreement with these authors, our substances 
gave in Van Slyke’s apparatus an amount of nitrogen equivalent 
to about 20 per cent of the total nitrogen. 

Contrary to what is to be expected from guanino-uridylic acid, 
our substances always showed a strong orcinol test and, on hy- 
drolysis, a strong reduction of Fehling’s solution. These results 
showed that the substances obtained by the procedure of Breder- 
eck and Richter are more complex than was assumed by these 
authors. 

A more detailed analysis of their composition was therefore 
made. In Table II are given the results of the analysis of four 
samples, representing four stages of reprecipitation of one parent 
substance. 

It can be seen from these results that all the samples contained 
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derivatives of purine nucleosides in a very conmderable proportion. 
From the sugar and purine contents it also follows that the pro- 
portion of purine bases exceeds that of the ribose and hence the 
samples should contain tmcombined purine bases which, however, 
in the complex mixture are not precipitable by ammoniacal silver 
solution. Indeed, a sample insoluble in water at 70® (having the 
composition, C 37.14, H 3.93, N 34.10, P 2.8 per cent) gave a 
heavy precipitate with an ammoniacal silver solution. On the 
other hand, a sample (No. W)8) having the composition C 37.20, 
H 4.41, N 24.4, and P 6.26 gave no precipitate, thus showing that 
the purine nucleotides may inhibit the precipitability of purine 
bases by ammoniacal silver solution. 


Tablb II 

Composition of “QvMnino-Uridylic Acid” after Successive Repredpitalion 


Sample 

No. 

c* 


N* 

P* 

Purine 

Nin 

air-dry 

eub- 

stanoe 

Pyrimi- 

dineNin 

air-dry 

sub- 

stance 

Ratbof 

pyrimi- 

<uneNto 

purine 

N 

Riboee 

Amino 

N 


per cent 

per cent \ 

per cent 

percent 

per cent 

percent 


percent 

percent 

540 

1 

34.64 

4.19 

21.50 

6.70 

17.0 

3.3 

19.4 

17 


559 

1 

35.85 

4.09 

23.66 

6.59 




19 


4' 

006 

1 

36.71 

4.35 

22.46 

6.44 

17.0 

2.8 

16.5 

25 


i 

612 

36.01 

4.06 

21.47 

6.46 

19.3* 

2.2* 

11.3* 

26 

3.72t 


* Substance dried to constant weight (100” at 12 nun.), 
t About 20 per cent of the total N. 


Sample 612 is one of several on which an amino nitrogen estima- 
tion was made in Van Slyke’s apparatus, shaking being continued 
for 30 minutes as required for guanosine. 

It was further shown that the purines are present both in the 
form of free nucleosides and as nucleotides, for, from a sample 
(No. 641) having the composition C 36.04, H 4.32, N 21.79, and 
P 6.71, both guanosine and barium salts of purine nucleotides 
could be isolated directly without preliminary hydrolysis. The 
guanosine was obtained in crude form only, but there was no doubt 
as to its presence in the mixture. 

Attempts to obtain material free from purine nucleosides by 
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more numerous reprecipitations (by the method of Brede^ck and 
Richter) were unsuccessful, notwithstanding the large quantities 
of starting material employed (over 3 kilos of nucleic acid). Not 
infrequently, when the procedures were repeated, the substances 
with N = 21 per cent yielded material with over 23 per cent of 
nitrogen, although the values for C, H, and P showed compara- 
tively little change. 

Thus no suflScient evidence has as yet been furnished in support 
of the view that the individual nucleotides are linked through 
P — N linkages in ribonucleic acid. 

EXPERIMENTAL 

Preparation of Material — The hydrolysis of the yeast nucleic 
acid was carried out exactly according to the directions given by 
Bredereck and Richter.^ Lots of 100 gm. each were used for in- 
dividual experiments. The fractions designated by Bredereck 
and Richter “guanine-uridylic acid,^^ obtained from several ex- 
periments, were combined for further purification. 

Methods of Analysis — C, H, N, and P determinations were 
made by the micromethods as commonly practiced in this labora- 
tory by Dr. A. Elek. 

Amino nitrogen estimation was made by the micro-Van Slyke 
method. Inasmuch as the operation lasted 30 minutes, a correc- 
tion for the blank experiment was used. 

Purine nitrogen estimation was made in the following way: The 
material was hydrolyzed for 4 hours with 2 per cent sulfuric acid 
(100 ml. for 1 gm.). The purine bases were then precipitated with 
silver sulfate. The precipitate was decomposed by means of 
dilute hydrochloric acid and a Kjeldahl nitrogen estimation made 
on an aliquot part of the filtrate. 

Pyrimidine nitrogen was calculated by difference (total N minus 
purine N). 

Rihose was estimated by the Hagedorn-Jensen-Hanes method. 
The reagent was standardized by means of pure d-ribose. 

The analytical results are given in Tables I and II, In order to 
save space the details are given below for one sample only; namely. 
Sample 612 of 1937-38, obtained after four reprecipitations. 
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6^78 mg. substance: 8.290 mg. 00% and 2.280 mg. HaO 

0.100 gm. ** : 15.34 gm. 0.1 n HCl 

5.079 mg. ** ; 22.600 mg. ammonium phosphomolybdate 

13.800 “ : 0.90CC. Na(758mm.at26‘*) 

Found. C 36.01, H 4.06, N 21.47, P 6.46, amino N 3.72 

0.5 gm. of substance was hydrolyzed over a free flame with a 
reflux condenser with 50 cc. of 2 per cent H2SO4 for 4 hours. The 
purine bases were precipitated with silver sulfate, the precipitate 
decomposed with HCI, neutralized, and the solution diluted to 
150 cc., 30 cc. of which contained N 19.23 mg. Hence the total 
purine N = 96.2, pyrimidine N (107.4 — 96.2) = 11.2 mg. 
Purine N to pyrimidine N = ca. 9 : 1 . The filtrate from the purine 
bases, after removal of silver ions, was used for ribose estimation. 
Found, 0.13 gm. or 26 per cent. 

Fractionation of ^^Guanine-Uridylic Acid^^ — 6.5 gm. of the sub- 
stance (Sample 541, 1937-38) were suspended in 120 cc. of water, 
ammonia water was added with constant stirring until all the 
material dissolved, and the solution was then acidulated by means 
of acetic acid, the temperature of the solution being maintained 
at +5°. 

Neutral lead acetate was now added to the solution. Only a 
slight turbidity formed, which was removed by centrifuging with 
the centrifuge tubes cooled in solid carbon dioxide-acetone mixture. 
A second precipitate formed on addition of more neutral lead ace- 
tate. 

This precipitate was washed with ice-cold water and suspended 
in water to which a suspension of barium carbonate was added. 
Hydrogen sulfide was then passed through the suspension and the 
lead sulfide was removed by filtration. On standing, a granular 
precipitate of barium salt formed in the filtrate (Sample 586, 
1937-38). It contained no barium phosphate or other mineral 
salts of phosphoric acid. On concentration of the mother liquor 
under diminished pressure (the temperature of the water bath not 
exceeding 35®) a second granular precipitate of barium salt formed. 
Both precipitates gave a strong orcinol test (characteristic for 
pentoses, purine nucleosides and nucleotides, but not for the 
pyrimidine derivatives). Both displayed strong reducing power 
towards Fehling^s solution only after hydrolysis. 
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The substance (Sample 586) had the following composition: 
N 17.17, P 6.10, Ba 18.00. 

Ribose estimation was performed in the same manner as in the 
previous experiment. The product of hydrolysis of 0.180 gm. of 
the substance, after removal of purine bases and silver ions and 
neutralization, was brought to a volume of 15 ml. which con- 
sumed 125 ml. of 0.01 N Na 2 SiOj (1 cc. equivalent to 0.3 mg. of 
ribose). Total ribose = ca. 20 per cent of the barium salt. 

The fiUrate from the lead precipitate, on addition of basic lead 
acetate and anunonia, gave a second lead salt, which was freed 
from lead in the usual way and, on concentration, the solution 
from lead sulfide gave a gelatinous precipitate having the appear- 
ance and usual properties of crude guanosine. It contained a 
considerable proportion of mineral matter but no phosphoric acid 
ions or conjugated phosphoric acid. Calculated for dry, ash-free 
substance, the nitrogen content was 24 per cent. (Guanosine, 
calculated N = 24.73 per cent.) There was not sufficient material 
to permit of its further purification. 



IODINE IN PITUITARY AND SOME OTHER TISSUES 

By EMIL J. BAUMANN and NANNETTE METZGER 
{From the Laboratory Divieiony Montefiore Hospital, New York) 
(Received for publication, September 24, 1938) 

As long ago as 1886 Rogowitsch (1) found thyroidectomy caused 
enlargement of the anterior pituitary and increased production of 
colloid by the cells of the anterior lobe. From these findings 
he suggested that in thyroid deficiency the hypophysis might act 
vicariously for the thyroid. Structural resemblances between 
the pars intermedia and thyroid had been recognized even earlier, 
especially the presence of colloid material in follicular spaces 
of the pars intermedia similar to that in the thyroid. And since 
then, hypertrophy of the pituitary and alterations in its histo- 
logical appearance have been seen repeatedly in myxedema and 
other conditions of thyroid deficiency. In fact the interrelation of 
these two organs has been the subject of hundreds of reports in 
the last decade, and, while the simple idea of Rogowitsch is no 
longer held, there is no question that increased thyroid secretion 
will cause the hypophysis to grow smaller and lack of thyroid 
function will cause its enlargement. Investigators have conse- 
quently been led to look for an accumulation of iodine in the 
pituitary as evidence of a direct action of thyroid secretion on 
this gland. 

Many attempts were made before 1910 to detect iodine in 
pituitaries of man (autopsy material), of cattle, and in the glands 
of thyroidectomized sheep, and these were mostly unsuccessful. 
The best method available at that time could not detect less than 
1 part in 100,000. The more modem techniques are capable 
of detecting 1 part in 100,000,000 and with' these methods the 
subject has been studied again, for the hypothesis that the thyroid 
acts directly on the pituitary is an attractive one and there is 
much evidence to support it. Some of the values found for 
iodine of various pituitary preparations with the more modem 
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methods follow: Gloss (2), 80 to 190 micrograms per 100 gm. of 
dried beef pituitary, 40 times the amount in blood; Ruff (3), 
400 to 600 micrograms per 100 gm. of dried beef pituitary, 100 
times the amount in blood, and similar concentrations in dried 
pituitary of pig, sheep, and guinea pig; Sturm and Schneeberg 
(4), 490 micrograms per 100 gm. of fresh dog pituitary; Neufeld 
(6), 14 micrograms per 100 gm. of dried beef pituitary; while Ohta 

(6) could find none in rabbit pituitary. Schittenhelm and Eisler 

(7) found 36 to 70 micrograms per 100 gm. of fresh rabbit dien- 
cephalon and Noether (8) reported 1.34 mg, per 100 gm. of fresh 
colloid from the pars intermedia of beef pituitary. In human 
pituitaries, Sturm and Buchholtz (9) found 80 micrograms per 
100 gm. and Koppenhoffer (10) reports as much as 13 micrograms 
of iodine in a single human pituitary. However, he found no 
iodine in a few pituitaries from patients d3dng of complications 
of pregnancy or from certain liver diseases. 

The great variability of these observations prompted us, 
in view of our experience with iodine analysis of foods and tissues, 
to examine this subject with methods that have been used in 
this laboratory. Most of the analyses reported here were made 
with the slightly modified distillation method of Fashena and 
Trevorrov/ (11). Because charges of only 10 to 20 gm. can be 
used in this procedure, it is seriously limited in its application to 
the estimation of iodine in tissues, at least for amounts normally 
present. When iodine concentrations are very low and large 
amounts of material (25 to 50 gm. or more) are obtainable, our 
closed combustion method (12) is preferred for a first burning 
and the products of this combustion are then distilled as described 
in 1937. By either of these methods, 0.1 microgram of iodine 
(equivalent to about 0.005 cc. of 0.001 n thiosulfate) is definitely 
detectable. The smallest volume of thiosulfate we regard as 
significant for titration is 0.010 cc. Results obtained by these 
very different processes, that is by distillation (11) and by com- 
bustion (12), agree as shown in Table I. 

In Table II will be found the iodine estimations of six pooled 
specimens of parts of eighteen human pituitaries (the remaining 
portions were used for histological examinations). In no instance 
was there a history of iodine medication and no iodine could be 
detected in the glands. In 40,6 gm. of beef pituitary only 0.7 
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microgram per 100 gm. of fresh tissue was found, while in about 
0.2 gm. of pituitary colloid, which Noether (8) had found to 
contain more than 1 mg. per cent, no iodine could be found. 

In Table III are given analyses of parts of single pituitaries 
from cases in which there was a history of iodine medication in 
the last month of life and in three of these iodine was readily 


Table I 

Detection of Iodine by Distillation or Combustion 



Amount 

i 

Process 

Titration, 

0.001 K 

thiosulfate 

Calculated per 100 gm. 


gm. 


oe. 

ee. 

Ox pituitary 

15 

Distillation 

0 

Limit of detectability 


40.6 

Combustion 

0.015 

0.040 

Rabbit blood 

15 

Distillation 

0.006 

0.040 


40 

Combustion 

0.020 

0.050 

Alfalfa I 

4 

Distillation 

0.026 

0.65 


25 

Combustion 

0.167 

0.63 

II 

6.6 

Distillation 

0.020 

0.36 


23 

Combustion 

0.074 

0.32 


Table II 


Iodine of Pooled Pituitaries 


Glands 

Weight 

It per 100 gm. 


gm. 

microgramg 

2, human 

0.80 

<13 

3. “ 

0.90 

<11 

4, “ 

1.11 

<9 

3, “ 

0.88 

<11 

3, “ 

0.74 

<14 

3, “ 

1.36 

<7 

Beef 

40.6 

0.7 

" pituitary colloid 

0.2 

<60 


shown to be present in fairly large amounts. In the remaining 
three no iodine could be detected. 

For comparison spleen, kidney, testis, and ovary of cattle, 
sheep, and hogs were analyzed. The analyses shown in Table 
IV were all made in duplicate on 20 gm. samples, except in two 
analyses of lamb ovaries in which the charges were 5 gm. and 
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16 gm. Some of the lamb ovaries were infantile, while others 
contained ripe follicles but no corpora lutea. There appears to 
be no significant difference, however, between the iodine content 
of the infantile and maturing lamb ovaries. 

The blood iodine of a laboratory sheep, 8 or 10 years old, fed 
on alfalfa, oats, and lawn grass, was 4 micrograms per cent, while 


Table III 

Iodine in Human Pituitaries 


Case No. 

Weight 

analysed 

It per 100 gm. 

Remarks 

Wet 

Dry 


gm. 

micrograms 

micrograms 


374 

0.33 ^ 

<30 


15-30 cc. cod liver oil daily for 1 yr. 
before death 

565 

0.24 

<41 


1 dose KI 2 days before death 

604 

0.30 

<33 


KI 3 wks. before death 

368 

0.30 

150 

660 

Dressed with iodoform sponge in 
last wk. of life 

371 

0.45 

80 

390 

Same 

547 

0.28 

40 

190 

100 mg. KI daily for last 2 mos. of 
life 


Table IV 


Iodine Content of Tissues in Micrograms per 100 Gm. 



spleen 

Kidney 

Testis 

Ovary 

Pig 

2 

1 


0.6 


1 

2 


2 

Beef 

0.5 

0.5 

0.6 

2 


1 

4 


2 

Sheep 

0.3 

4 

0.5 

6 



2 

1 

6 



1 

2 

0.7 


that of a young sheep fed on alfalfa and oats was 1.2 micrograms 
per cent. Blood of four normal rabbits on our stock diet of 
alfalfa and oats and occasional greens was analyzed and because 
the diet was low in iodine, 40 cc. samples were used. The values 
found were 0.9, 1.1, 1.1, and 1.2 micrograms per cent. 

According to our analyses, pituitary contains no more iodine 
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than ovary, testis, kidney, spleen, or blood. Apparent high 
concentrations of iodine may be due to administration of iodine, 
a conclusion Wells arrived at in 1910 (13) with the much less 
sensitive means of determining iodine then in use, or to the 
presence of important amounts of partly oxidized organic matter 
in the final stage of the analysis. 
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THE DETERMINATION OF SPINAL FLUID PROTEIN 
WITH THE PHOTOELECTRIC COLORIMETER 

By JOSEPH M. LOONEY and ANNA I. WALSH 

{From the Memorial Foundation for Neuro-Endocrine Research and the 
Laboratoriee of the Worcester State Hospital^ Worcester) 

(Received for publication, October 11, 1938) 

The methods used for the determination of the protein content 
of the spinal fluid are still far from satisfactory. The micro- 
Kjeldahl determination on the protein precipitated by tungstic 
acid or trichloroacetic acid gives accurate results in fluids con- 
taining large amounts of protein, but in those with small amounts 
the precipitation and separation of the proteins present many diffi- 
culties. The amount of precipitate is too small to allow for wash- 
ing without danger of considerable loss in manipulation and unless 
the precipitate is washed the inclusion of some of the non-protein 
compounds of the spinal fluids would result in high values. 

The turbidimetric method of Denis and Ayer (1) as modified by 
Ayer, Dailey, and Fremont-Smith (2) is also subject to many er- 
rors. The size of the particles and therefore the light absorption 
can be greatly altered by the slight differences in the amount of 
agitation or the rate at which the solutions are added. The 
matching of the solutions in the colorimeter also presents some 
difficulty, especially for dilute solutions. 

Finally the range over which the solutions can be read with an 
acceptable degree of accuracy is rather limited because of the 
tendency of the more concentrated solutions to settle out, and 
this necessitates a repetition of the test after the sample is diluted. 

These difficulties have been overcome by the method herein 
described. The difficulty in reading the solutions in the usual 
colorimeter have been avoided by the use of the photoelectric 
colorimeter.^ By adding a protective colloid the colloidal 8us- 

1 We have used the Lange photoelectric colorimeter, but any reliable 
instrument can be adapted to the method. 
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pension of the precipitate has been stabilized so that solutions 
containing as much as 150 mg. of protein can be prepared without 
danger of the material settling out. As a matter of fact, it is no 
longer essential to read the solutions within 5 to 30 minutes after 
they have been prepared, as they will remain stable almost in- 
definitely. Readings of triplicate samples taken 30 minutes and 
30 hours after preparation gave identical results in a series of six- 
teen specimens. The protective colloid that is added is the gum 
ghatti introduced by Folin (3) for blood sugar determinations, and 
later used by Looney (4) for the stabilizing of nesslerized solutions 
of ammonia. 

For the determination 2 ml. of spinal fluid are placed in a small 
test-tube and 0.5 ml. of 2 per cent gum ghatti solution is added. 
To this mixture 2.5 ml. of 5 per cent sulfosalicylic acid are added, 
and the contents of the tube well mixed by rapidly inverting the 
tube five or six times. When the procedure is properly carried 
out, there should be no frothing or foaming in the tube. After 
standing for 5 to 10 minutes the tubes can be read in the photoelec- 
tric colorimeter at any time up to 24 hours. 

A calibration curve, such as is shown in Fig. 1, must be pre- 
pared by diluting a standard solution of blood serum to various 
concentrations, and obtaining the percentage of light absorption 
in the photoelectric colorimeter. Spinal fluids containing from 
5.0 to 150.0 mg. can be read directly, but more concentrated fluids 
should be diluted before precipitation. The greatest accuracy is 
obtained when the protein content is less than 75 mg., at which 
point the slope of the curve begins to flatten out. 

For the standard, pooled serum is diluted 10 times with 15 per 
cent sodium chloride and filtered. The total nitrogen is deter- 
mined in an aliquot of this diluted serum containing about 40 to 
50 mg. of nitrogen. The non-protein nitrogen of the original 
serum is determined by the method of Folin and Wu (5) and one- 
tenth of this value subtracted from the total to obtain the protein 
nitrogen. The value thus obtained times 6.25 gives the protein 
content of the standard. 

The curve in Fig. 1 was prepared from the readings given by 
two separate standard stock solutions. Each point represents 
the mean of three determinations. The value in the triangle at 
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30 mg. of protein was given by the standard used in the spinal 
fluid laboratory of the Massachusetts General Hospital. 

The precision of the method was tested by determining the pro- 
tein content of twenty split spinal fluid samples sent to the lab- 
oratory under different names. In sixteen of the twenty samples 
the difference was 1.0 mg. or less. The mean difference between 
the duplicates was 1.2 mg. with a standard deviation of 0.39 mg. 

In Table I the values obtained on the same spinal fluids by the 
three different methods are given. For the micro-Kjeldahl 
method only those values were used in which the duplicate analy- 
ses showed good agreement. The new method gave only random 



variation from these results, yielding a mean difference of approxi- 
mately 0.7 mg. The determinations by the Ayer, Dailey, and 
Fremont-Smith method were made in the spinal fluid laboratory 
of the Massachusetts General Hospital. The figures for the last 
eight fluids were from split samples sent to the laboratories under 
different names. It will be noted that for most cases the figures 
for the new method run higher than those for the Ayer method, 
the average value being about 3.3 mg. more. However, the 
values for the two fluids with abnormally high protein content are 
lower by the new method, and in one of these a micro-Kjeldahl 
determination gave good agreement with the new method. In 
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Tablb I 


Comparison of Spinal Fluid Protein by Different Methods 



* In this table only those values were used which were consistent in a 
series of forty duplicate analyses. 

t This value is in fair agreement with the value obtained by the new 
method. 
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another sample, in which there was a rather large difference be- 
tween the values obtained by the two methods, an analysis by the 
Kjeldahl method in duplicate gave a fair agreement with the 
higher value obtained by the new method. That the difference 
between the results by the two methods was not due to variations 
in the standards used was shown by the fact that a determination 
of their standard by our method gave exactly the same value which 
they used, 30 mg. per 100 ml. 

SUMMARY 

A method for the determination of spinal fluid protein with the 
photoelectric colorimeter is described. The precipitation of pro- 
tein by sulfosalicylic acid was made in the presence of gum ghatti 
and yielded a stable colloidal suspension which did not change for 
30 hours. Concentrations of proteins from 5.0 to 150.0 mg. can 
be read without dilution. 

We wish to acknowledge our indebtedness to Dr. W. L. Holt 
and the spinal fluid laboratory of the Massachusetts General 
Hospital for valuable assistance. 
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NOTE ON THE PREPARATION AND PROPERTIES OF 
HEMOGLOBIN 
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{From the George Herbert Jones Chemical Laboratory of the University of 

Chicago^ Chicago) 

(Received for publication, October 17, 1938) 

In a previous investigation (1) of the equilibrium between 
oxygen and human hemoglobin it was found that the per cent 
oxygenation at equal oxygen pressures was very much greater 
for those preparations which had been purified by an alumina 
cream treatment than for whole blood or for the product not 
treated in this way. Since it was our purpose to do some ex- 
tended work on this equilibrium, we were led to a study of the 
various methods of preparing this substance and, if possible, to 
a determination of the factors which give rise to the decreased 
oxygenating capacity. 

The usual criteria of purity, as for example, the ratio of carbon 
monoxide to dry weight or iron content (2), or the determination 
of the per cent methemoglobin present, were found quite un- 
suitable for our purpose. Two samples, which within the limits 
of experimental error were alike in the above respects, might 
show a big difference in oxygen saturation. We, therefore, 
adopted the percentage oxygenation at a given pressure under 
controlled conditions of temperature and pH as that criterion 
which would give consistent results. 

The existing evidence indicates that foreign substances present 
in a hemoglobin solution tend to lower the percentage oxygenation. 
Thus Hill and Wolvekamp (3) have shown that intact red blood 
corpuscle suspensions show a lower percentage oxygenation than 
blood solutions. Sidwell, Munch, Barron, and Hogness (1) have 
demonstrated the depressing effect of salts on the per cent oxy- 
hemoglobin existing under a given partial pressure of oxygen. 

m 
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We have therefore assumed that a solution which gives the 
maximum percentage oxygenation at a given oxygen pressure 
is purer than solutions which give lower percentages. By the 
use of this criterion we have been able to determine the efficacy 
of various methods of purification and select the one which con- 
sistently gives the purest hemoglobin. 

Method 

The percentage saturation was determined spectroscopically as 
described by Sidwell, Munch, Barron, and Hogness (1). A 
change in design of the tonometer cells (Stotz, Sidwell, and 
Hogness (4), and Altschul and Hogness (5)) made it possible 
to make the determinations with only 3 cc. of solution. 

Preparation of Hemoglobin Solutions — All of the operations 
involved in the following preparations were carried out in a cold 
room at a temperature between 0° and 3°. 

A. Hemoglobin Solution — The horse blood which was used in 
the preparation was allowed to settle and the erythrocytes were 
concentrated by decantation. 250 cc. of this suspension of blood 
cells were washed four times with equal volumes of 0.95 per cent 
NaCl solution. The suspension, after centrifugation, was treated 
with 100 cc. of water and 50 cc. of toluene and shaken. After 
standing a few hours, the solution was centrifuged and the upper 
fatty layer removed. This treatment was repeated by again 
adding 50 cc. of toluene and centrifuging. The solution was 
then dialyzed in a cellophane sac against oxygen-saturated dis- 
tilled water which was kept flowing continuously for 48 hours. 
After dialysis, the solution was centrifuged and filtered through 
a G 5/3 Jena sintered glass filter. 

B. Crystallized Hemoglobin Solution — The cells were crystallized 
according to a modification of the method of Heidelberger (6). 
300 cc. of red cells, washed as above, were treated with 100 cc. 
of toluene and 50 cc. of water. A mixture of 4 parts of carbon 
dioxide to 1 part of oxygen was passed through the thick sus- 
pension for about f hour. The vessel was stoppered and left 
undisturbed overnight to effect crystallization. This process 
was complete in about 24 hours. After the crystals were centri- 
fuged, the fatty layer was removed and the crystals washed once 
with cold water. A minimum of saturated sodium carbonate 
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solution was used to redissolve the crystals. This solution was 
then centrifuged and dialyzed in a cellophane sac against water 
through which a mixture of 4 parts of carbon dioxide and 1 part 
of oxygen was passed. Crystals formed in a few hours. These 
crystals were again washed and redissolved in sodium carbonate 
solution, and dialyzed for 48 hours against oxygen-saturated 
water. As in Preparation A, the final salt-free solution was 
centrifuged and filtered through a glass filter. 

C. Alumina CreamrTreated Solution — The red cells were treated 
as in Preparation A. After two washings with toluene, the 
solution was treated with 0.5 volume of 7 -aluminum hydroxide 
suspension prepared according to the method of Willstatter and 
Kraut (7). The mixture was shaken, centrifuged, and set to 
dialyze against oxygen-saturated water for 48 hours. When 
the dialysis was completed, the solution was again treated with 
aluminum hydroxide suspension, centrifuged, and finally filtered 
through the sintered glass funnel. 

Efect of pH — In order to compare the activity of the three 
products, it was necessary to correct for any difference of pH 
of the different solutions. This was done by determining the 
effect of pH on the percentage saturation of Preparation C 
(pressure of O 2 = 1 mm.) and comparing Preparation C with 
either A or B at the same pH. The hydrogen ion activity was 
varied by titrating the dialyzed hemoglobin solution with either 
0.025 N HCl or 0.025 n NaOH. Thus the amount of salt intro- 
duced was insufficient to affect appreciably the per cent saturation. 

The pH curve for Preparation C (Fig. 1 ) shows no minimum 
such as was obtained by an extrapolation by Rona and Ylppo 
( 8 ) and by Ferry and Green (9) on hemoglobin solutions prepared 
by other methods. 

Comparison of Methods of Preparation — Table I shows the 
relative saturation of solutions of hemoglobin compared with 
the aluminum hydroxide-treated material. Inasmuch as all the 
solutions were salt-free, tested at the same temperature (25®), 
and compared at the same pH, the only factor giving rise to the 
observed differences must be the state of purity of the hemo- 
globin, as we have defined it. 

From Table I it is obvious that the best of the three methods 
involves adsorption with aluminum hydroxide. It was found 
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that crystallization previous to an aluminum hydroxide adsorption 
did not give a better product. 

Nature of Suhstanoes Removed by Alumina Cream TrecUment — 
In order to determine the nature of the substances removed by 
adsorption, a chromatographic analysis (10) was made of a 
dialyzed blood solution on a column packed with aluminum oxide. 



Fig. 1. Effect of pH on per cent oxygenation of hemoglobin (Prepara- 
tion C). 


Table I 

Comparison of Methods of Purification 


Preparation 


Comparative satura- 
tion (Oj pressure « 

1 mm.) 


C. Aluminum hydroxide-treated solution . 
B. Solution from crystallized hemoglobin 
A. Hemoglobin solution, fat-free 


1 

0.66 

0.30 


Two zones of color, both red, were seen after long washing with 
distilled water. This indicates that one colored constituent of 
the blood was more firmly adsorbed than the other. A similar 
observation was made with the alumina cream as the adsorbent. 
A dialyzed blood solution was treated with 7-aluminum hydroxide 
and centrifuged. The precipitate, colored deep red, was washed 
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five times with distilled water. A considerable amount of color 
was removed by the washings. After the fifth washing, the wash 
water had practically no color, although the alumina precipitate 
was still colored pink. The colored substance was then eluted 
either with neutral phosphate buffer solution or a basic elution 
mixture used in the purification of yellow ferment (11). Prac- 
tically all the color was removed by this treatment. 

The eluate thus obtained had some activity when tested for 
^^free” oxygen content, although the ratio of oxygen content to 
dry weight indicated that a considerable amount of the colored 
substance present was either inactive hemoglobin (12) or methem- 
oglobin. Both the visible and ultraviolet spectra of this 
eluate showed the characteristic peaks of hemoglobin. Upon 
dialysis against oxygen-saturated water, a brownish precipitate 


Table II 

Effect of Impurities on Percentage Saturation of Hemoglobin with Oxygen 


1 

Type of solution 

Comparative satura- 
tion (Ot pressure 

1 mm.) 

Purified hemoglobin 

1 

Hemoglobin -f albumin (4.6 mg. albumin per cc.) 

0.8 

** + sucrose (0.36 gm. sucrose per cc.) 

0.94 

** -h urea (0.37 gm. urea per cc.) 

0 

** + eluate (1 mg. eluate per cc.) 

0.7 


settled out. It was impossible to obtain a value for the per- 
centage saturation with oxygen for the clear filtrate, inasmuch as 
the removal of oxygen from the solution by washing with nitrogen 
caused decomposition and methemoglobin formation, and rendered 
it impossible by subsequent addition of oxygen to bring the 
substance back to its original state. 

Effect of Impurities on Percentage Oxygenation — A number of 
different substances were added to purified hemoglobin (Prepara- 
tion C) to determine their effects on the percentage oxygenation. 
The results represented in Fig. 1 were used in adjusting the pH 
values so that all comparative data could be given for the same 
pH (Table II). 

We also determined spectrophotometrically the amount of methe- 
moglobin in solution and found that this substance, up to about 
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40 per cent of the total hemoglobin, has little effect on the per- 
centage saturation of the ferrous form provided that the amount of 
methemoglobin is constant for the duration of the determination. 

All other impurities lower the percentage oxygenation. The 
eluate apparently contains some substance which has a specific 
effect on the saturation value. 

We have confirmed the statement of Steinhardt (13) that 
hemoglobin dissolved in 6 m urea still shows the bands of reduced 
hemoglobin and oxyhemoglobin. This solution, however, acts 
similarly to the eluate described above, in that it decomposes 
when washed with nitrogen gas in the process of removing oxygen. 

DISCUSSION 

For a partial pressure of oxygen equal to 5 mm., a pH of 7.0, 
and at 25®, 81 per cent saturation has been obtained. This is 
the same value that was obtained by Sidwell, Munch, Barron, 
and Hogness (1) for human hemoglobin prepared by treatment 
with alumina cream and determined under identical conditions. 
In this respect horse and human hemoglobin are alike. Oxy- 
hemoglobin crystals obtained from horse blood after the alumina 
cream treatment took the form of long thin needles, while those 
obtained from the solution without this treatment were in the 
form of plates. No attempt was made to determine the crystal- 
lographic axes, nor have we attempted to obtain crystals from 
human blood treated in this way. 

The fact that two distinct layers were obtained on the Tswett 
column suggests the possibility of two forms of hemoglobin (14). 
In the presence of air these two layers when eluted with phosphate 
buffer were identical spectroscopically. Unfortunately we were 
not able to determine the capacity of the upper layer to take up 
oxygen. When the oxygen was removed from the eluted solution 
by gentle washing with nitrogen, the hemoglobin underwent a 
rapid irreversible change. We were unable to determine whether 
the top layer on the column was a different form of hemoglobin 
or merely hemoglobin adsorbed by or together with some other 
substance. 

The queslion may be raised as to how we are to define pure 
hemoglobin. In the erythrocytes, hemoglobin is either in a 
different form from that obtained by our method of preparation 
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(C) or it is associated with some other substance. From the 
biological point of view hemoglobin, as it exists in the cell, is of 
greater significance, while from the chemical view-point, this 
“purified” form may very probably be of greater interest. 

SUMMART 

1. Purification of horse hemoglobin by adsorption on y-alu- 
minum hydroxide has been shown to yield samples of hemoglobin 
which give the highesl percentage saturation with oxygen. 

2. The effect of pH on the percentage saturation at 1 mm. of 
oxygen pressure has been determined for the range of pH 5.5 to 
8.7. No minimum has been observed in that range. 

3. The effect of various substances upon the percentage 
saturation has been determined.. 

4. The possibility of the existence of two forms of hemoglobin 
is considered in the discussion of the experimental results. 
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STUDIES ON THE MERCAPTURIC ACID SYNTHESIS 
IN ANIMALS 


X. GLUTATHIONE IN RELATION TO GROWTH OF RATS ON A 
LOW CASEIN DIET WHICH CONTAINED BROMOBENZENE 
AND NAPHTHALENE* 

By JAKOB A. STEKOL 

(From the Department of Chemistry y Fordham University y New York) 
(Received for publication, September 8, 1938) 

In Paper VIII of this series (1) we reported that in contrast 
to i-cystine and di-methionine glutathione does not augment the 
synthesis of mercapturic acids in the rat. Data were also ob- 
tained to indicate that the cysteine and the acetyl group of the 
mercapturic acids were not derived necessarily from glutathione 
(1). These results offered no evidence that cystine or cysteine 
is liberated from glutathione during metabolism in the rat. 

Dyer and du Vigneaud (2) reported results which indicated 
the possibility that cystine or cysteine may be liberated from 
glutathione during metabolism, inasmuch as cystine-deficient rats 
resumed growing when glutathione was administered to them 
either orally or svb cutem. We felt, therefore, that the ingestion 
of naphthalene and bromobenzene might possibly modify the 
normal metabolism of glutathione in the rat in such a way as to 
prevent the liberation from it of cystine or cysteine. Should this 
be true, it would then account perhaps for the inefficiency of 
glutathione in augmenting the synthesis of mercapturic acids in 
the rat. On the other hand, the demonstration that glutathione, 
when added to a diet which contained bromobenzene or naph- 
thalene, promptly overcomes the deficiency in rats induced by 
these hydrocarbons would strongly suggest that the metabolic 
behavior of glutathione in the rat is not altered by the presence 

* This paper was presented before the meeting of the American Society 
of Biological Chemists at Baltimore, April, 1938. 
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of bromobenzene or naphthalene in the diet. Such a study would 
offer support to the inference that the growth-promoting power of 
glutathione, under the experimental conditions, is not necessarily 
due to the liberation from the tripeptide of cystine or cysteine 
during metabolism. 

Indeed, Dyer and du Vigneaud (2) have pointed out “that the 
question still obtains in these studies, as in others of this nature, 
as to whether the utilization of the supplement is due to its con- 
version in the body to the deficient factor or is only a matter of 
a sparing action for the small amount of cystine or methionine 
which is present in the diet, a question so amply discussed by 
Jackson and Block [(3)]. From this standpoint a sparing action 
of the glutathione in this particular study could mean that the 
supplement might be used as such without hydrolysis for certain 
purposes, and that the small amount of cystine and methionine 
in the diet thus spared might serve for the synthesis of new protein 
in the tissues and for other anabolic purposes.^^ 

A study of the utilization of glutathione by the rat on a low 
casein diet which contained bromobenzene or naphthalene was 
therefore undertaken. In every case it was found that glutathione 
supported the growth of rats under these conditions. 

In the light of our previous data (1) which indicated the failure 
of glutathione to augment the synthesis of mercapturic acids, 
the results reported below suggest the utilization of the tripeptide 
by the rat without necessarily a preliminary hydrolysis of glu- 
tathione to yield cystine or cysteine. In this connection it is 
of interest to note that the administration of bromobenzene (4) 
or naphthalene (5) to animals leads to a marked decrease in 
glutathione content of certain tissues, particularly that of the 
liver and the eye lens. Inasmuch as no evidence was obtained 
to indicate the direct utilization of glutathione for detoxication 
purposes to yield mercapturic acids (1), the reports mentioned 
above (4, 5) suggest that the utilization of cysteine for the detoxi- 
cation purposes, particularly the formation of mercapturic acids, 
may lead to a diminished elaboration of glutathione in the tissues. 
The depleted stores of glutathione in the tissues of deficient 
animals may be restored by the administration of cystine, cysteine, 
methionine, or glutathione, the latter being utilized by the animal 
apparently without hydrolysis to yield cystine or cysteine. A 
study of the relationship between the glutathione content of the 
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tissues of animals which received bromobenzene or naphthalene 
and the dietary glutathione of these animals might perhaps yield 
information of value to this problem. 

From the foregoing discussion it does not follow by any means 
that the decrease in the glutathione content of the tissues of ani- 
mals which were fed bromobenzene or naphthalene is the only 
possible change which is induced by the hydrocarbons in the 
organism. Neither do our data exclude the possibility of cleavage 
of glutathione into its constituent amino acids under certain 
other conditions. Although certain enzymatic studies in vitro 
(6) indicated that no appreciable amount of cysteine can be 
liberated from glutathione in the intestinal tract, it has been 
shown recently that the isolated kidney of the rat splits the tri- 
peptide to yield cystine, glutamic acid, and glycine (7). 

EXPERIMENTAL 

The diet which we used (originally devised by White and Jack- 
son (8)) had the following percentage composition: casein^ 6, 
salt mixture (Osborne and Mendel (9)) 4, corn-starch 50, sucrose 
15, Crisco 25. In addition, each rat received 400 mg. of yeast 
powder (Northwestern Yeast Company) and 100 mg. of cod 
liver oil daily. This diet is referred to in Table I as Diet C-6. 
Glutathione and J-cystine were administered either mixed with 
food or separately from the diet incorporated in the yeast and cod 
liver oil supplement which was fed in two equal portions 6 hours 
apart. The general procedure of the experiments was the same 
as that used previously (8, 10). The data shown in Table I 
are representative of the experiments obtained with two litters 
of albino rats which were 26 days old. 

The glutathione and cystine were analytically pure. Bromo- 
benzene was redistilled and naphthalene resublimed before use. 

The data in Table I show that the growth of rats which were 
maintained on Diet C-6 was checked when bromobenzene or 
naphthalene was incorporated in the diet, and was resumed upon 
the administration of glutathione to rats which received the 
supplemented diet. The effectiveness of glutathione in promoting 
the growth of rats was apparently the same as that of an equivalent 
amount of i-cystine. 

It will be observed from Table I that the rat required consider- 

^ Casein 453, Casein Company of America, Inc. 
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TABI4B I 

Effect of Glutathione and Cystine on Growth of Rate on Diet 0-5 Which 
Contained Bromobemene or Naphthalene 


The data for each rat are representative of experiments with four animals. 


Ills 

Bromo- 

benienc 

. Naph- 
> thalenc 

Glutathione 

Csmtine 
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intake 

per 

day 

Initial 
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Total 
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Days 
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p«rl00 

gm. 
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gm. 
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day 
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gm. 
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mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

gm. 

gm. 

gm. 


26 d" 
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46 

4-33 

54 


1000 






6.6 

79 

-2 

14 


1000 


320 




6.8 

77 

+19 

27 


1000 






6.2 

96 

-6 

14 








6.9 

91 

4-7 

10 


1000 






6.0 

98 

-5 

10 


1000 




120 


7.8 

93 

4-8 

10 


1000 



32 



7.7 

111 

■f9 

10 

27 9 







5.3 

62 

4-34 

54 


1000 






5.0 

86 

-6 

14 


1000 


320 




6.0 

81 

4-23 

27 


1000 






6.3 

104 

-11 

14 


1000 



32 



6.4 

93 

4-17 

20 


1000 





12 

6.7 

110 

4-16 

20 





1 



6.8 

126 

4-13 

14 

28 rf* 



1 

1 




5.0 

62 

+26 

64 



260 




1 

6.0 

78 

-10 

14 



260 

320 



1 

6.0 

68 

+25 

27 



500 

320 




5.2 

93 

-8 

14 



600 



120 


6.6 

85 

0 

14 



600 



240 


6.7 

86 

+13 

14 



600 

640 




6.9 

98 

+12 

14 



600 


64 



7.2 

no 

+16 

14 



500 




24 

7.4 

126 

+14 

14 

29 9 
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43 

+32 

64 
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4.3 

76 

-3 

14 



260 

320 




6.7 

72 

+21 

27 



260 


32 



6.2 

93 

+17 

14 



250 




12 

6.2 

no 

+16 

14 



500 

320 




6.0 

126 

0 

14 



600 

640 




6.9 

126 

+10 

14 

UcT 


500 

320 




6.5 

136 

-1 

14 







6.9 

64 

+100 

122 


ably more glutathione or cystine to overcome the deficiency 
induced by 0.5 per cent naphthalene in the diet than to overcome 
that induced by 1.0 per cent bromobenzene in the a«ino diet. 
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Several possibilities may account for this observation, a few of 
which may be mentioned. As we reported previously (1), the 
eflSciency of the rat to detoxicate naphthalene or bromobenzene 
varies inversely with the concentration of the hydrocarbons in 
the diet. Assuming that the relative toxicity of the two hydro- 
carbons to the rat is the same, it is possible that moremercapturic 
acid is synthesized by the rat from 0.5 per cent naphthalene in the 
diet than from 1.0 per cent of bromobenzene in the same diet. It 
is conceivable also that under comparable dietary conditions 
more organic sulfur is utilized by the rat to detoxicate naphthalene 
than is involved in the detoxication of ah equivalent amount of 
bromobenzene. The detoxication product which involves a loss 
of organic sulfur to the rat may not be necessarily mercapturic 
acid exclusively. That the mercapturic acid which is excreted 
in the urine does not represent the entire amount of the acid 
which was synthesized by the rat from naphthalene is a possibility 
which also cannot be dismissed a priori. It is possible that the 
mercapturic acid, once synthesized by the rat, undergoes further 
catabolic changes and is excreted in the urine in a form which 
is not measurable by the method for the determination of mer- 
capturic acids in urine. Earlier workers have considered the 
possibility of oxidation of mercapturic acids in the animal body. 
Sherwin and co workers (11) presented data to show that p-bromo- 
phenylmercapturic acid is oxidized to a certain extent in the 
organism of the rabbit and the dog to yield ethereal sulfates and 
inorganic sulfates. Coombs and Hele in experiments with dogs 
and pigs (12) could not, however, confirm this claim. Considera- 
tion of the structural differences of mercapturic acids and the 
corresponding ethereal sulfates precludes the possibility of direct 
oxidation of the former into the latter. Konig’s studies in vitro 
(13) suggest that mercapturic acids on oxidation may yield cor- 
responding sulfonic acids. Further work along these lines seems 
necessary. 

SUMMARY 

1. The growth of rats is checked when bromobenzene or naph- 
thalene is added to a diet and is resumed when glutathione or an 
equivalent amount of cystine is fed in addition to the supple- 
mented diet. 

2. In the light of our previous studies on the r61e of glutathione 
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in the syntheeis of mercapturic acids in the rat, the present data 
seem to indicate that the promotion of growth by glutathione in 
the rat is not necessarily due to the liberation from the tripeptide 
of cystine or cysteine, but perhaps is a result of the utilization of 
glutathione as such and of the sparing action of the tripeptide 
on that dietary cystine and methionine which are used by the 
rat for the synthesis of new protein in the tissues and for other 
anabolic purposes. 
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THE INFRA-RED ABSORPTION SPECTRA OF AMINO 

Acms 

By NORMAN WRIGHT 

{From the Department of Physics, University of Michigan, Ann Arbor) 
(Received for publication, September 8, 1938) 

Studies of molecular structure through the medium of infra- 
red spectroscopy become less productive as the type of molecule 
under consideration becomes more complex. This method of 
attack cannot be expected to yield very extensive information in 
the case of molecules possessing the complexity (large size and 
lack of symmetry) of the amino acids. Definite knowledge of a 
more restricted sort, however, can very often be obtained through 
interpretation of special features of the spectra of such compounds. 
For example, the behavior of absorption bands which can be 
ascribed to certain subgroups of atoms such as the carbonyl, 
hydroxyl, or amino group can sometimes be correlated with the 
structure surrounding these groups. Again, mere differences in 
spectra can under certain circumstances furnish conclusive evi- 
dence that compound formation between molecules ha?8 taken 
place. 

Very little attention has been given to the amino acids by work- 
ers in the field of infra-red spectroscopy. Heintz (1) has observed 
the spectra of a few amino acids in the range from 1 to 9 /i. The 
spectra of the stereoisomers of cystine in the range from 3 to 24 m 
have been recorded by Wright (2). In view of the importance of 
the amino acids from a biological standpoint it appeared worth 
while to extend the investigation to a larger number of compounds 
of this class both to record the infra-red spectra, as physical proper- 
ties, and to obtain structural information. 

The infra-red spectrograph (3, 4) and the naethod of operation 
were those used in the earlier investigation (2). Samples were 
observed in the form of thin, uniform layers of the finely powdered 
cr 3 rstal 8 , containing about 1 mg. per sq. cm. of layer area. The 
method of producing a layer was to allow the powder to settle out 
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of absolute alcohol upon a plate of crystalline KBr. The alcohol 
was then removed by evaporation. 

The amino acid samples with the exception of serine and the 
glutamic acid isomers were obtained from the Eastman labora- 
tories, HofiFmann-La Roche, and the University of Illinois. Sam- 
ples of the glutamic acids were obtained from Amino Acid Manu- 
factures through the courtesy of Dr. M. 8. Dunn of the University 
of California at Los Angeles. Dr. H. B. Lewis kindly supplied 
samples of Z-glutamic acid and dZ-serine. 

Tables I and II present the observed spectra in the form of lists 
of the wave numbers of the absorption bands with rough estimates 
of the corresponding intensities expressed as per cent of radiation 
absorbed. 

Comparison of the spectra of the different amino acids brings 
out at once the resemblance which is to be expected from the 
similarity of the compounds. This resemblance of the spectra 
does not, however, extend beyond a general characterization. As 
a matter of noteworthy fact the spectra of the individual amino 
acids are sufficiently different to serve as a means of identifying the 
compounds. 

The spectra recorded in Tables I and II have been arranged 
so that comparisons can be made between the optically active and 
racemic forms of five amino acids. In each case the spectral dif- 
ferences reveal unmistakably that the racemic forms, which have 
been obtained by crystallization from solution, are compounds and 
not mere physical mixtures of the I and d crystals. This will be 
evident from the following statements: The optically active, Z and 
d isomers of the same amino acid must have identical infra-red 
spectra, since the molecules and the crystals of one form are mirror 
images of those of the other. A structural difference of this kind 
has no influence either upon the frequencies of mutual vibration 
of the atoms or upon the associated intensities of absorption. A 
mechanical mixture made by pulverizing together equal amounts 
of the Z and d crystals of the same amino acid therefore has a spec- 
trum identical with that of either form taken separately. These 
facts have been actually demonstrated in the case of the isomers of 
cystine (2). If now the spectrum of the racemic form of an amino 
acid differs in any way from that of the Z or d form, it may safely 
be concluded that compound formation has occurred. 
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The differences between the spectra of the racemic and opti- 
cally active forms indicate in each of the observed cases except 
that of alanine that the racemic material is all or practically all 

Table I 


Wave Numbere and Initneiiite of Infra-Red AheorpHon Bands 
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in the compound form. In the case of alanine the spectral differ- 
ences are so slight that they do not preclude the existence of some 
I and d crystals in addition to the compound. 
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A curious result was obtained in the case of d{-glutamic acid 
monohydrate: This compound as prepared for infra-red observa- 


Tablb II 


Wave Numbers and Intensities of Infra-Red Absorption Bands 
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30 

538 

50 

676 

60 

599 

40 

661 

20 

470 

40 
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60 

612 

20 

630 

50 

554 

40 

528 

40 





514 

50 



494 

20 

461 

30 

602 

40 





467 

40 



472 

20 









438 

40 










tion possesses a spectrum identical to that of Z-glutamic acid. 
A possible explanation is that powdering in absolute alcohol de- 
hydrated the compound and left a mixture of the d and I crystals. 
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An interesting feature of the spectra of the amino acids is the 
behavior of the band due to the vibration of oxygen against carbon 
in the 0=0 group. In compounds containing the carboxyl group 
other than the amino acids this band generally occurs at a wave- 
length very near 5.9 (wave number 1700 cm.~0* It will be 
noticed, however, that in the monobasic monocarboxylic amino 
acids here studied this band regularly occurs at about 6.3 m 
( 1590 cm.“0- A plausible explanation for this shift is that a 
strong interaction exists between carboxyl and amino groups. 
This is substantiated by the spectra of the dicarboxylic acids, 
aspartic and glutamic acids, which have bands at about 6.0 m 
(1670 cm.“0 addition to the usual bands near 6.3 /i. The 
bands occurring at 6.0 m very probably have their origin in the 
C=0 of the second carboxyl group, which is not closely ap- 
proached by an amino group. 

SUMMARY 

The infra-red absorption spectra of powder layers of nine dif- 
ferent amino acids have been recorded in the range from 3 to 24 m- 

In the case of five of these acids both the racemic form and an 
optically active form have been observed. Differences of these 
spectra have shown that in each case the racemic form, as crystal- 
lized from solution, is a compound, not a mixture of I and d crys- 
tals. 

Shifts in the position of the 0=0 band have indicated a strong 
interaction between carboxyl and amino groups in the crystalline 
amino acids. 

The writer expresses his gratitude to the Rockefeller Foundation 
for the financial support of this research. His appreciation is 
extended to Dr. H. B. Lewis, of the Department of Biological 
Chemistry of the University of Michigan, for many helpful sug- 
gestions, and to Dr. H. M. Randall, of the Department of Physics 
of the University of Michigan, for the use of infra-red equipment. 
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STUDIES ON BIOLOGICAL OXIDATIONS 


XI. THE METABOLISM OF PYRUVIC ACID BY ANIMAL TISSUES 
AND BACTERIA 

By E. S. GUZMAN BARRON and CARL M. LYMAN 

{From the Lasker Foundation for Medical Research and the Department of 
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Pyruvic acid is one of the most reactive substances among those 
of importance in cellular metabolism. When carbohydrate is 
split during fermentation, pyruvic acid is the main end-product 
of the resulting series of phosphorylated oxidation-reductions. 
It thus becomes the immediate source for the formation of both 
lactic acid and alcohol. Pyruvic acid is decarboxylated by yeast; 
it may react with other ketonic acids in a Cannizzaro type reaction 
(dismutation) (Krebs (1)) ; it may likewise react with amino acids 
with intermolecular transfer of amino groups (Braunshteln and 
Kritsman (2)), the orientation of pyruvic acid metabolism being 
determined by a variety of different factors. 

The oxidation of pyruvic acid by gonococci was studied in 1932 
by Barron and Miller (3) who postulated the existence of an en- 
zyme, a-ketonoxidase, able to catalyze the oxidation of a-ketonic 
acids. Other properties of this enzyme were later studied by 
Barron (4). To distinguish it from a-hydroxyoxidase, the enzyme 
concerned with the oxidation of lactic acid, a number of inhibi- 
tors were found having opposite effects on the two enz3nnes. 
Krebs and his coworkers (5, 6) challenged this interpretation 
and postulated that the oxidation of a-ketonic acids is not 
brought about by molecular oxygen, but by a dismutation. In 
this paper an endeavor is made to show that pyruvic acid in the 
presence of oxygen is oxidized directly; that the dismutation of 
pyruvic acid observed by a number of authors and confirmed by 
Krebs and his coworkers is a process independent of the oxida- 
tion process. Furthermore^ Lipmann^s studies (7) on the action 
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of diphosphothiamine as a catalyst for the oxidation of pyruvic 
acid have been confirmed by experiments with a variety of bacte- 
rial cells and animal tissues. Diphosphothiamine was also found 
to act as a catalyst for the dismutation of pyruvic acid. 

EXPERIMENTAL 

The bacteria were grown in flat medicine bottles: hemolytic 
streptococci on a beef infusion-blood agar medium without glucose, 
gonococci in Miller and Castles' egg digest medium containing 1 
per cent glucose (8), and staphylococci in a medium containing 1 
per cent proteose-peptone, 0.3 per cent meat extract, 0.5 per cent 
NaCl, and 3 per cent agar, all dissolved in tap water. The bac- 
teria were washed twice with 0.154 m NaCl; after centrifugation 
they were suspended in the buffer solutions used for the experi- 
ments. The O 2 uptake and CO 2 output were measured with the 
usual Warburg-Barcroft manometers. The pH values of the 
suspensions were measured with the glass electrode. Pyruvic 
acid was determined manometrically by oxidation with ceric sul- 
fate and measurement of the CO 2 output (in strong acid solutions 
(0.1 M H2SO4) pyruvic acid is entirely oxidized within 7 minutes). 
Lactic acid was determined manometrically by oxidation with 
a-hydroxyoxidase obtained from a suspension of gonococci in 
0.1 M NaF. (Under these conditions lactic acid is oxidized to 
pyruvic acid: CH3CHOHCOOH + JOj = CHaCOCOOH + H2O.) 
Acetic and formic acids were determined by adapting Friede- 
mann's method (9) to the measurement of small quantities of 
volatile acids. Acetic acid was identified by Kriiger and 
Tschirch's (10) lanthanum reaction. Thiamine (synthetic) was 
obtained through the courtesy of Merck and Company, Inc. 
Diphosphothiamine was prepared by the method of Lohmann and 
Schuster (11) from fresh beer yeast, obtained through the courtesy 
of the Keeley Brewing Company of Chicago. Diphosphothianune 
can be differentiated from thiamine with Prebluda and McCol- 
lum's diazo reagent (12). With this reagent, thiamine gives a 
red-purple color, extractable with isobutyl alcohol. Diphos- 
phothiamine gives a yellowish brown color when relatively high 
concentrations are used. At lower concentrations, at which 
thiamine gives quite a distinct color (10 to 20 micrograms per cc. 
of solution to be tested), diphosphothiamine gives no visible color. 
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The experiments in which O* uptake was measured were per- 
formed in phosphate buffers with either air or oxygen as gas phase; 
those in which CO* output was measured were performed in bi- 
carbonate buffer with COrN* as gas phase. The Nr-CO* gas 
mixtures were freed from traces of oxygen by being passed through 
a 1 meter Pyrex tube filled with copper pellets and heated to 500®. 

The preparation of the yeast enzyme for the detection and es- 
timation of cocarboxylase was essentially that of Lohmann and 
Schuster (11) with the following modification. Preliminary to 
washing the dried yeast with a disodium phosphate solution, it 
was allowed to stand in distilled water for 20 minutes and then 
centrifuged. The yeast was then washed twice with 0.1 m 
Na 2 HP 04 (50 cc. per gm. of dried yeast) at 30®, the two washings 
being completed in a total of 12 minutes, including the necessary 
time for centrifugation. After washing again with distilled water, 
the yeast was suspended in m/15 phosphate, pH 6.2. The short- 
ened period of washing with the basic sodium phosphate solution 
was made possible by the preliminary treatment with distilled 
water. The above procedure gave an enzyme preparation which 
was very active for the decarboxylation of pyruvic acid in the 
presence of added cocarboxylase, either natural or synthetic. 
Without the addition of cocarboxylase the enzyme was always 
almost completely devoid of activity. 

Oxidation and Dismutation of Pyruvic Add by Bacteria 

Gonococd — Barron and Miller (3) found that these bacteria 
possess only two oxidizing enz 3 nnes: a-hydroxyoxidase, which 
catalyzes the oxidation of a-hydroxy acids to a-ketonic acids, and 
a-ketonoxidase, which catalyzes the oxidation of pyruvic acid to 
acetic acid and CO*. The first reaction is thermodynamically 
reversible (Barron and Hastings (13)) ; the second is irreversible 
(Barron (4)). In the presence of oxygen both oxidative reactions 
go to completion. Krebs (5) found that in the absence of oxygen 
pyruvic acid was dismuted by gonococci according to the following 
equation. 

2CH,OOCOOH + HtO - CHrf:iHOHCOOH + CH,COOH + CO, (1) 

We have confirmed Krebs^ experiments. Because of this anaero- 
bic dismutation, Krebs (5) concluded, ‘Tyruvic acid is oxidized in 
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Oomcoccm by the anaerobic reaction (1), and the oxygen uptake 
which ensues after addition of pyruvic acid is due to a secondary 
oxidation of the lactic acid formed by reaction (1).” 

If the oxidation of pyruvic acid by gonococci proceeds according 
to Krebs’ scheme, the following conditions must be fulfilled: (1) 
The rate of COj output in the absence of oxygen (optimum con- 
ditions for dismutation) must be greater than the rate of 0» uptake 
in the presence of oxygen; (2) whenever the oxygen uptake in the 
presence of pyruvic acid is inhibited, this must be due to inhibition 
either of the anaerobic reaction (Equation 1) or of the oxidation 



Fio. 1. Metabolism of pyruvic acid by gonococci. pH 7.02, temperature 
38°, amount of lithium pyruvate 0.01 mw. Curve 1, in air, oxidation as 
measured by the O, uptake. Curve 2, in Ni-COj, dismutation as measured 
by the COj output. 

of the lactic acid produced in that reaction; (3) any substance 
which inhibits the oxidation of lactic acid must also inhibit pyru- 
vic acid oxidation. 

The rate of Os uptake by gonococci in the presence of pyruvate 
(oxidation) was greater than the rate of CO* output in the absence 
of oxygen (dismutation), showing that condition (l) was not ful- 
filled (Fig. 1). (Krebs did not measure the rates of COj produc- 
tion and Oj uptake during the metabolism of pyruvic acid bv 
gonococci.) ^ 

NaF has no effect on the oxidation of lactate to pyruvate by 
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gonococci; it inhibits considerably the oxygen uptake of gonococci 
in the presence erf pyruvate (Barron (4)). If the metabolism of 
pyruvic acid by gonococci, in the presence of oxygen, is performed 
according to Krebs^ scheme, this inhibiting effect of NaF must 
then be due to inhibition of dismutation. In the absence of oxy- 
gen, the rate of COj output by gonococci with pyruvate was not 
inhibited by 0.02 m NaF. Indeed, the rate of CO* output was 
slightly greater in the presence of NaF (Fig. 2), Condition (2) 
was therefore not fulfilled. 

HjS inhibits the oxidation of lactic acid by gonococci almost 
completely; it must therefore inhibit the 0* uptake in the presence 
of pyruvate if Krebs^ scheme is correct. I'he Oj uptake and COj 
output were measured simultaneously by Warburg’s indirect 
method (14). The bacteria were suspended in 0.2 m KH*P 04 , 
and the Oj uptake and COj output were measured in the presence 
of 0.0015 M HiS at 28®. In 28 minutes the O* uptake with pyru- 
vate was 93 c.nun. and the COj output, 140 c.mm. The O 2 uptake 
with lactate was 11 c.mm. The O 2 uptake in these experiments 
with pyruvate as substrate canned, then be due to the oxidation of 
lactic acid formed by dismutation of pyruvic acid, since lactate 
oxidation was considerably suppressed. Obviously, condition (3) 
was not fulfilled. 

Streptococcus hemolyticus — Barron and Jacobs (15) found one 
strain of Streptococcus hemolyticus which oxidized pyruvic acid; 
neither lactic, succinic, acetic, nor formic acid was oxidized. In 
the presence of air, pyruvic acid took up 1 atom of oxygen and 
produced 1 mole of COj per mole of pyruvate. On chemical analy- 
sis, there was found 0.01 him of acetic acid (identified by Krfiger 
and Tschirch’s lanthanum reaction) per 0.01 mM of p 3 rruvate 
oxidized. 

In the absence of oxygen, pyruvic acid was converted into acetic 
acid and formic acid. 

CH,COCOOH -h H,0 - CH,COOH + HCOOH (2) 

The CO2 output in bicarbonate buffer with COt-Nf as the gas 
phase was from 98 to 72 per cent of the theoretical value, calcu- 
lated according to Equation 2. Six experiments were done on 
different days (Table I). In experiments with phosphate buffer 
and N 2 as the gas phase there was an output of 17 c.mm. of CX)j 
per 0.01 HIM of pyruvate in 180 minutes at 38®. (The origin of 
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tiiis COt output was not determined.) No hydrogen was given 
off. For the determination of volatile acidS; the bacterial suspen- 
sion containing pyruvate with Na as gas phase was kept rotating 
for 3 hours at 38°; acetic and formic acids were found (Table I). 
Since neither acetic nor formic acid is oxidized by this strain of 
hemolytic streptococci, it is obvious that in these cells the metab- 
olism of pyruvic acid in the presence and the absence of oxygen 

Table I 

Anaerobic Meiaholism of Pyruvic Acid by Hemolytic Streptococci 
Analysis of End-Products of Reaction 
Phosphate buffer, pH 7.02 (initial); Na as gas phase; temperature 38®. 


Acid 

Before incubation 

After incubation 


mu 

mu 

Pyruvic 

0.020 

0.003 

Acetic 

. None 

0.017 

Formic 

ti 

0.014 


Extent of Reaction As Measured by COt Liberation from Bicarbonate Buffer 
pH 7.02 (initial); gas phase, N 3 -CO 2 ; temperature 38®; calculated CO 2 
output: 1 mole of COt per mole of pyruvic acid (CH 3 COCOOH -h HaO — ► 
CH,COOH + HCOOH). 


Experiment No. 

COt output 

Extent of reaction 

Found 

Calculated 


e.mm. 

e.mm. 

per cent 

1 

317 

440 

72 

2 

368 

418 

88 

3 

208 

212 

98 

4 

330 

440 

75 

6 

370 

421 

88 

6 

361 

398 

88 


follows different paths — the first giving acetic acid and CO* as 
end-products, the second giving acetic acid and formic acid as 
end-products. 

Staphylococci — In his paper on bacterial metabolism of p3rruvic 
acid, Krebs found that Staphylococcus aureus oxidized pyruvate 
to about one-sixth of complete oxidation. (The bacteria were 
grown on broth agar.) Sevag and Neuenschwander-Lemmer (16) 
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had previously i^wrted that bouillon cultures of StaphylocoecuB 
aureuB did not oxidise pyruvic acid. Five different strains of 
Staphylocoeeus aureus, isolated by Dr. T. E. Friedemann and 
kindly given to us by him, all oxidised pyruvic acid further 
than one-sixth of complete oxidation; one of them oxidised it to 
completion and the other four oxidised it readily to three-fifths 
of completion. AU of these bacteria oxidised formic acid readily, 



Fio. 2 Fio. 3 

Fig. 2. Dismutation of pyruvic acid by gonococci. pH 7.02, tempera- 
ture 38°, gas phase Nj-CO>. COi output: Curve 1, in the presence of 
NaF (0.02 m) ; Curve 2, control. 

Fio. 3. Metabolism of pyruvic acid by staphylococci in the presence and 
absence of oxygen, as measured by the Oj uptake in phosphate buffer with 
air as the gas phase, and the COi output in bicarbonate buffer with Ni^Oi 
as the gas phase. pH 7.02, temperature 38°. In each case a represents 
Of uptake; b, C0| output. Curve 1 represents Staphylococcui aurtus] 
Curve 2, Staphylococcus albtts. 

the rate of oxidation of acetic acid vaiying in the different strains. 
Of three strains of Staphylococcus albus studied, two oxidised pyru- 
vate to completion and one to three-fifths of complete oxidation. 
It may be mentioned that all those strains of staphylococci which 
did not oxidize pyruvic acid completely showed a low rate of 
acetate oxidation (Table II). 

In the absence of oxygen there was pyruvic add dismutation 
according to Krebs’ scheme. The rate of dismutation by the strain 
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of Staphylococcus aureus studied by Krebs (as measured by the (Xh 
output in bicarbonate with NrCX)t as gas phase) was greater tihan 
the rate of oxidation (as measured by the Of uptake in the presence 

Tablb II 


Oxidation of Pyruvic^ Acetic ^ and Formic Adda by Staphylococci 
Phosphate buffer, pH 6.99; temperature 38®; amount of pyruvate, ace- 
tate, and formate, 0.01 mM. 


Strain 

Os uptake per hr. 

Pyru- 

vate 

Acetate 

For- 

mate 


e.mm. 

e.mm. 

e.mm. 

Staphylococcus albus (No. A44) 

406 

200 

110 

aureus (variant of No. A44) 

382 

122 

116 

albus 

218 

96 

120 

“ “ (gyrs. old) 

106 

22 

61 

“ aureus (hemolytic, freshly isolated).. 

320 

23 

106 

tt H It (( tt 

278 

22 

120 

(Syrs. old) 

65 

6 

70 

“ (acetone-treated) 

33 

0 

113 


Table III 

Oxidation of Lactic, Acetic, and Formic Acids by Acetone-Trealed 
Staphylococcus aureus 

Temperature 38®; pH 6.99; amount of oxidizable substrates, 0.01 raM. 

Oj uptake 


Time 



Lactate 

Pyruvate 

Formate 

min. 

c.mm. 

c.mm. 

c.mm. 

6 

16.9 

3.2 

16.2 

10 

26.9 

6.0 

27.7 

20 

46.1 

10.3 

61.0 

30 

57.8 

17.0 

86.1 

40 

62.4 

21.1 

100.0 

50 

69.2 

28.9 

109.7 

60 

72.4 

33.7 

114.6 


of air). He considered this difference in rates an indication in 
favor of his theory, already referred to. In none of the eight 
different strains of staphylococci reported here was the CO, output 
greater than the 0, uptake. In Fig. 3 two extreme cases are 
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reported: in one case (Staphylococcua aHnu) there was a vigorous 
CO| output, although not as great as the Ot uptake; in the other 
case {Staphylococcus aureus)^ the rate of COt output was negligible 
compared to the rate of Ot uptake. 

This great difference in the rates of oxidation and dismutation 
with Staphylococcus aureus makes it possible to separate the oxida- 
tion of pyruvic acid from the dismutation process. The bacteria 
were washed three times with water; after centrifugation they 
were frozen with a mixture of dry ice and ether, precipitated with 
acetone, and again centrifuged; the precipitate was washed with 
ice-cold acetone and collected in a Gooch filter, where it was 
washed again with ice-cold acetone and ether. This acetone- 
treated powder oxidized lactic, pyruvic, and formic acids. It had 
lost the power to produce either dismutation of pyruvic acid 
or oxidation of acetic acid (Table III). 

Oxidation and Dismutaiion of Pyruvic Acid by Animal Tissues 

Krebs and Johnson (6) have elaborated a theory on the mech- 
anism of the metabolism of ketonic acids, which is similar to the 
mechanism proposed by Krebs for bacteria. 

The reduction of pyruvic acid to lactic acid by animal tissues 
has been reported by numerous investigators (Mayer (17), Elliot 
et oZ. (18), Lawson (19)). Pyruvic acid may also give rise to the 
formation of succinic acid (Weil-Malherbe (20), Elliot and Greig 
(21), Krebs and Johnson (6)), acetic acid (Weil-Malherbe (20), 
Krebs and Johnson (6)), acetoacetic acid (Embden and Oppen- 
heimer (22)), and ^-hydroxybutyric acid (Krebs and Johnson (6)). 

If the metabolism of pyruvic acid in animal tissues follows the 
same itiitial path in the presence and in the absence of air, then 
the rate of consumption of pyruvic acid in bicarbonate buffer with 
Nj-COa as gas phase would not be expected to be less than in the 
presence of air. McGowan (23) and McGowan and Peters (24), 
in their work on the oxidation of pyruvic acid by avitaminotic 
brain tissue, and Weil-Malherbe (26), in his work on the anaerobic 
dismutation of pyruvic acid by rat brain tissue, have offered evi- 
dence against ICrebs^ theory. In Fig. 4 the rates are given for the 
CO| output (in Krebs' bicarbonate solution with COj-Ns as gas 
phase) and the Os uptake (in Krebs' phosphate solution with Os 
as gas phase) of the following tissues: liver, kidney, and brain 
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(from ftvitaniinotic pigoonfl) brain and testis (rat) j and nucleated 
erythrocytes (goose). Ground brain cortex was previously 
washed with cold distilled water, as done by Peters; liver and 
kidney were used in thin slices ; the goose erythrocytes were washed 
three times with 0.164 m NaCl. The figures given were obtained 



Fio. 4. Metabolism of pyruvic acid by animal tissues. Curves A repre- 
sent the O* uptake with oxygen as the gas phase, in Krebs' phosphate 
solution; Curves B, the COj output with Ng-COi as the gas phase, in Krebs' 
bicarbonate solution. 1 represents normal rat brain, per 100 mg. of moist 
tissue; JP, avitaminotic pigeon brain with thiamine added, per 100 mg. of 
moist tissue; 5, normal rat testes, per mg. of dry weight; 4> avitaminotic 
pigeon kidney with thiamine added, per mg. of dry weight; 6, goose erythro- 
cytes; 6f avitaminotic pigeon liver with thiamine added, per mg. of dry 
weight. 

by subtracting the gas uptake or output in the absence of p 3 rruvate. 
In no case was the rate of CO* output greater than or even equal 
to the rate of O* uptake. The goose erythrocytes oxidi 2 sed P 3 rruvic 
acid but could not utilize it in the absence of oxygen. Further- 
more, while in every case the rate of 0* uptake increased, up to a 
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certain time, to remain as a zero order reaction afterwards, the 
rate of CO# output in the absence of oxygen decreased with time 
in all tissues. 

Oxydiamutation Coefficient of Pyruvic Acid 

The oxydismutation coefficient of pyruvic acid, f.c. the ratio 
between the amount of pyruvic apid used by the cell under con- 
ditions optimum for oxidation and the amount used under con- 

Tablb IV 


Oxydismutation Coefficient of Pyruvic Add by Bacteria 
Temperature 38°; pH 7.02. Oxidation, in phosphate buffer (air as gas 
phase); dismutation, in bicarbonate buffer (COi-Nt as gas phase). 


Bacteria 

Oxidatkm 

Dismutation 


£ 

s 

1 

1 


percent 

percent 



Gonococci 

33.0 

10.7 

3.1 

Streptococcus hemolyticus 

47.8 

68.1 

0.8 

Staphylococcus aureus 

36.3 

30.4 

1.16 

“ (No, A43) 

34.1 

3.6 

9.6 

“ “ (“ A9, 8 yrs. old). 

9.8 

0.98 

10.0 

“ “ (hemolytic) 

47.6 

3.8 

12.5 

** (freshly isolated) 

67.6 

4.5 

16.0 

albus 

26.4 

61.2 

0.43 

it << 

19.6 

17.9 

1.1 

“ ** (variant of No. A43) .. 

36.2 

19.2 

1.9 

** ** (No. A4, 8 yrs. old)... 

15,7 

0 

* 



ditions optimum for dismutation, was determined for bacteria 
after incubation at 38® for 1 hour. Only in the cases of Strepto- 
coccus hemolyticus and one strain of Staphylococcus alhus was the 
rate of p 3 nruvic acid disappearance greater in the absence of oxygen 
than in the presence of oxygen. One strain of Staphylococcus aUms 
did not split p 3 n:uvic acid anaerobically. The others had an 
oxydismutation coefficient greater than 1 (Table IV). 

In animal tissues (rat) also the oxydismutation coefficient is 
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greater than 1, as calculated from data given by Krebs and John- 
son in Table II of their paper (6). From Krebs and Johnson's 
data the oxydismutation coefficient in rat brain is 1,32. Weil- 
Malherbe (25) ijiaintains that the anaerobic metabolism of py- 
ruvic acid in rat brain slices is 3 times as low as the aerobic metabo- 
lism. In this case the oxydismutation coefficient would be 3, 
Retina produces little or no CO 2 with pyruvic acid in the absence 
of oxygen, while it shows a large O 2 uptake in the presence of oxy- 
gen (Passenti (26)). 

Diphosphothiamine, a Catalyst for Oxidation and Dismutation 
of Pyruvic Add 

Peters (27) discovered that thiamine (vitamin Bi) increased the 
rate of oxidation of pyruvic acid by brain tissue from avitaminotic 
pigeons. Shortly after the chemical constitution of cocarboxylase 
(diphosphothiamine) was determined by Lohmann and Schuster 
(11), Lipmann (7) found that this substance was also necessary 
for the oxidation of pyruvic acid by acetone-treated Bacterium 
delbruckii. Although Peters (28) was unable to confirm Lohmann 
and Schuster's contention that diphosphothiamine increases the 
rate of oxidation of pyruvic acid by brain tissue of avitaminotic 
pigeons as much as thiamine, the fact that thiamine is rapidly 
phosphorylated by animal tissues and yeast (Tauber (29), von 
Euler and Vestin (30), Lohmann and Schuster (11), Peters (28), 
Lipschitz, Potter, and Elvehjem (31)) favors the opinion that the 
catalyst for the oxidation of pyruvic acid is diphosphothiamine. 
Tliis phosphorylating power of animal tissues makes them un- 
suitable for deciding whether thiamine has to be phosphorylated 
before it becomes a catalyst for the oxidation of pyruvic acid. 

Since the results of Peters concerning the effect of diphospho- 
thiamine and thiamine did not agree with those of Lohmann and 
Schuster, we repeated these experiments using brain from avitamin- 
otic pigeons to oxidize pyruvic acid in the absence and in the pres- 
ence of thiamine, yeast diphosphothiamine, and synthetic diphos- 
phothiamine (kindly sent to us by Dr. H. Tauber). The brain 
tissue was minced and washed once with ice-cold saline. At the 
end of 90 minutes there was an increase of 97 per cent with thiam- 
ine and 33 per cent with both natural and synthetic diphospho- 
thiamine (Fig. 5). * 
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In order to determine whether thiamine must be phosphorylated 
to act as a catalyst for pyruvic acid oxidation, a cell should be 
chosen that is unable to phosphorylate thiamine but able to 
oxidize pyruvic acid. Such conditions were found in gonococci 
and hemolytic streptococci. (Ail bacterial suspensions used were 
washed several times with distilled water before the experiments.) 
Addition of thiamine to these bacteria (10 micrograms for 2.7 cc. 



Fio. 5. Effect of thiamine and of natural and synthetic diphospho- 
thiamine on the oxidation of pyruvate by brain cortex (avitaminotic 
pigeon). Amount of pyruvate 0.03 him, pH 7.4, temperature 38®. Curve 1 
represents absence of pyruvate; Curve 2, presence of pyruvate, without 
thiamine; Curves 3 and 4, effect of added natural and synthetic diphospho- 
thiamine (14 micrograms); Curve 5, effect of added thiamine (10 micro- 
grams). 

Fig. 6 . Cocarboxylase activity of Staphylococcus aureus grown in a 
synthetic medium containing 4 X 10~® m thiamine. Carboxylase was pre- 
pared from alkaline washed yeast. Temperature 28°, pH 6.2, amoimt of 
lithium pyruvate 6.4 mg, per vessel. Curve 1 represents the fluid from 
boiled bacteria (0.7 cc.); Curve 2, the supernatant fluid from the culture 
medium (2 cc.) ; Curve 3, enzyme plus pyruvate. 

of bacterial suspension added 3 hours before the addition of 
pyruvate and kept at 38°) had no influence on the rate of 0* 
uptake; addition of diphosphothiamine (14 miprograms added 30 
minutes before addition of pyruvate) increased the O 3 uptake by 
21 per cent in gonococci, and 64 per cent in hemolytic streptococci. 
Diphosphothiamine had very little effect (8 per cent increase) on 
the oxidation of pyruvate by Staphylococcus aureus (Table V). 
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Tablb V 

Effect of Thiamine and Diphoephothiamine on Oxidation and Dismutation of 
Pyruvic Acid hy Animal Tissues and Bacteria 


Amount of lithium pyruvate, 0.01 mM,* thiamine, 10 micrograms; diphos- 
phothiamine, 14 micrograms. 




Oxidation 

Dismutation 

Bacteria 

Catalyst 

Os uptake per hr. 

Increase 

.COi output per hr 

1 Increase 




With 

catalyst 


With 

catalyst 



•Control 

Control 




c.mm. 

e.mm. 

percent 

c.mm. 

c.mm. 

percent 

Gonococci 

Diphos- 

phothiam- 

43.0 

52.0 

21.0 

24 

27.0 

12.5 


ine 







tt 

Thiamine 

57.0 

56.0 

None 




Streptococcus 








hemolyiicus.. 

Diphos- 

phothiam- 

82.0 

135.0 

64.6 

67 

80.0 

19.4 


1 ine 







« u 

Thiamine 

34.7 

33.8 

None 




Staphylococcus 








aureus 

Diphos- 
j phothiam- 

470.3 

507.9 

8.0 









ine 







U it 

Thiamine 

470.3 

473.0 

None 




Same, washed 






* 


twice with 
0.1 M Na2- 
HPO4 

Diphos- 

phothiam- 

124.0 

171.0 

37.6 

0 

23.0 





ine 







ft it 

Thiamine 

195.0 

220.0 

12.8 




Erythrocytes, 








goose 

it 

14.0 

17.0 

21.4 

0 



it it 

Diphos- 

phothiam- 

14.0 

16.5 

18.0 





ine 







Brain (avi- 








taminotic 
pigeon) 

Thiamine 

26.5 

48.5 

80.0 

12.2 

17.6 

44.0 



When the last mentioned bacteria were shaken twice for 10 min- 
utes with 0.1 M Na 2 HP 04 at 30°, centrifuged, and washed with 
water, the rate of pyruvate oxidation increased by 38 per cent 
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on addition of diphosphothiamine; addition of thiamine 2 hottrs 
before pyruvate addition produced an increase of 13 per cent. 
This may be taken as an indication that staphylococci have the 
power of phosphorylating thiamine. (After these experiments 
were performed there appeared Hills^ recent report (32) that the 
rate of pyruvate oxidation by staphylococci grown in a synthetic 
medium containing minimal amounts of thiamine increased on 
addition of thiamine.) 

The power of staphylococcus to phosphorylate thiamine has 
been demonstrated as follows: Staphylococcus aureus was grown 
in the synthetic medium recommended by Fildes and coworkers 
(33), the thiamine content being increased to 4 X 10“® M. Aiter 


Table VI 

Effect of Inhibitors on Decarboxylation (by Yeast) and Oxidation (by 
Gonococci) of Pyruvic Add 


Inhibitor 

Inhibition 


Decarboxylation 

Oxidation 

a-Naphthol, 0.001 m 

HCN, 0.01 M 

per cent 

19.6 

6.3 

perunt 

03 

0.002 

None 

77 

NaF, 0.02 '' 


0 01 ** 


76 




incubation at 38® for 16 hours, the bacteria from 150 cc. of the 
culture were collected by centrifuging. 3 cc. of water were added 
to the bacteria, and the suspension was boiled for 5 minutes, 
cooled, and centrifuged. 0.7 cc. of the supernatant fluid was 
used in the test experiments for cocarboxylase activity. This 
fluid from boiled bacteria, together with yeast which had been 
freed from cocarboxylase by washing with 0.1 m disodium phos- 
phate, decarboxylated pyruvic acid vigorously (Fig. 6). The 
supernatant fluid from the culture (2 cc.), on the other hand, had 
very little activity. Thiamine phosphorylated by the bacteria 
was therefore mostly retained within the cell. 

Diphosphothiamine was also found to accelerate the rate of CO% 
output in anaerobic experiments performed with gonococci, 
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hemolytic streptococci, washed staphylococci, and brain tissue 
from avitaminotic pigeons (Table V). 

Decarboxylation and Oxidation of Pyruvic Acid — In a recent 
paper, Cedrangolo (34) maintains that the oxidation of pyruvic 
acid by ground liver is performed by previous decarboxylation to 
acetaldehyde, which is later oxidized to acetic acid. As proof for 
this contention he presents experiments in which the oxygen up- 
take of ground liver was inhibited by 80 per cent on addition of 
dimethyl cyclohexanedione. If pyruvic acid is split via acetalde- 
hyde, those substances which act as powerful inhibitors of pyruvic 
acid oxidation may be expected also to inhibit its decarboxylation. 
NaF, a-naphthol, and HCN are strong inhibitors for the oxidation 
of pyruvic acid (Barron (4)). Neither fluoride nor HCN inhib- 
ited decarboxylation. a-Naphthol, which inhibits completely 
the oxidation of pyruvic acid, inhibited by 20 per cent its decar- 
boxylation. In Table VI are given the values for the inhibiting 
effect of these substances on the decarboxylation of pyruvic acid 
by dried yeast and on its oxidation by gonococci. We may con- 
clude from these experiments that decarboxylation and oxidation 
of pyruvic acid are independent processes. 

DISCUSSION 

The rdle of pyruvic acid in the oxidation-reduction reactions 
which occur in living cells is becoming more important as the 
mechanism of intermediary metabolism is disentangled. In the 
presence of the activating enzyme, pyruvic acid becomes ex- 
tremely reactive and will react in a variety of different ways, the 
end-products depending on the presence of other reacting sub- 
stances and the oxidation-reduction intensity and capacity of the 
milieu. Thus, during the process of carbohydrate fermentation 
(in glycolysis and likewise in alcoholic fermentation), the splitting 
of the glucose molecule results in the formation of pyruvic acid. 
This is accomplished through a series of oxidation-reduction reac- 
tions performed with the mediation of diphosphopyridine nucleo- 
tide. 

Glucose + diphosphopyridine nucleotide « pyruvic acid -f 
diphosphopyridine nucleotide Ha 

The resulting pyruvic acid may be reduced to lactic acid 
(glycolysis) ; it may be decarboxylated and end in alcohol (alcoholic 
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fermentation); it may react with amino acids, ketonic acids, or 
ketones, acting either as a reductant or as an oxidant in quite a 
number of coupled oxidations. The direction and the extent of 
these reactions will be determined by the value of the constants of 
the equilibrium reactions taking place under the conditions of the 
experiment. Disregard of these premises has led numerous in- 
vestigators to erroneous conclusions concerning the mechanism 
of carbohydrate metabolism. 

The experiments reported in this paper show that the orientation 
of pyruvic acid metabolism depends also on the oxygen tension of 
the milieu. In the simplest systerhs among those studied, that 
is, in cells containing no a-hydroxyoxidase (the enzyme concerned 
with the reversible oxidation-reduction, pyruvate + 2e + 
lactate), for example, hemolytic streptococci, p 5 rruvic acid was 
either oxidized to acetic acid and CO 2 or split into acetic and formic 
acids. The first process was found to go to completion in the 
presence of oxygen at atmospheric tension; the second went to 
completion in the absence of oxygen. In more complicated sys- 
tems, cells possessing a-hydroxyoxidase (gonococci), pyruvic acid 
was oxidized in the presence of oxygen, while in its absence it was 
partly reduced to lactic acid and partly oxidized to acetic acid 
and COa. It is obvious that the relation between oxidation and 
dismutation, oxydismutation coefficient, will vary in each cell 
according to the oxygen tension. 

Both the oxidation and dismutation of pyruvic acid require 
diphosphothiamine as one of the factors of the enzyme complex, 
the phosphorylation of thiamine being easily performed by animal 
tissues (29, 30, 11, 28, 31) and by bacteria. The contention of 
Cedrangolo (34) that the first product of pyruvic acid metabolism 
is acetaldehyde (decarboxylation) finds no support in our inhibi- 
tion experiments, because inhibitors of pyruvic acid oxidation had 
no effect on the rate of decarboxylation. 

SUMMARY 

The metabolism of pyruvic acid by bacteria (gonococci, hemoly- 
tic streptococci, staphylococci) and animal tissues (pigeon, rat) 
may proceed in two directions: Under optimum conditions for 
oxidation, the p 3 rruvic acid is directly oxidized to acetic acid and 
COa; under optimum conditions for reduction it may be reduced 
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to lactic acid or may be split by dismutation into acetic acid and 
formic acid. By keeping bacteria under these optimum condi- 
tions, the oxydismutation coefficient of pyruvic acid was deter- 
mined for gonococci, hemolytic streptococci, and staphylococci. 
Goose erythrocytes oxidize pyruvic acid in air. In the absence of 
oxygen, pyruvic acid is not utilized. Diphospho thiamine acts 
as a catalyst for both the oxidation and the dismutation of pyruvic 
acid. 
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THE PHYLLOCHROMOGEN OF PROTOPORPHYRIN 
AND PYRIDINE 

By william F. ROSS 

{From the Research Laboratory of Organic Chemistry of the Massachusetts 
Institute of Technology y Cambridge)* 

(Received for publication, October 13, 1938) 

The absence of photosynthetic activity in all plant tissues 
in which the cell structure has been destroyed, as well as in chloro- 
phyll extracts from plants, would indicate a destruction of the 
natural photosynthetic system by these processes. No labile 
or sensitive forms of chlorophyll have been obtained; it would 
seem, therefore, that the pigment portion is unchanged, but that 
the disruption of its association with non-color-absorbing matter 
in the chloroplast accounts for the absence of photos 3 mthesis. 

Analogy between the heme-globin system of hemoglobin and 
the chlorophyll synthetic system suggests that chlorophyll is 
associated with protein or other nitrogen-containing material. 
This idea is not novel; nor is there complete absence of support 
for it. Willstatter and Stoll (1) observed a shift towards the violet 
in the absorption spectrum of chlorophyll after extraction. This 
was attributed to the passage of chlorophyll from a colloidal 
state to one of true solution. Such a shift occurs when the mass 
of non-absorbing matter associated with a chromophoric group is 
diminished; it would occur if chlorophyll were dissociated from 
a protein, as has been suggested by Lubimenko (2). The latter 
was able to obtain aqueous extracts of chlorophyll from Aspidistra 
and Funkia in which the absorption was not changed from that 
in the leaf. He also found (3) that protein reagents such as 
tannic acid or ammonium sulfate precipitated the pigment from 
solution, and that the complex was broken up by organic solvents, 
giving a green solution and colorless residue. This behavior 
supports the theory that chlorophyll is present in the chloroplast 
as the prosthetic group of a protein complex compound. 

* Contribution No. 176. 
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Preliminary to a study of the affinity of chlorophyll for protein, 
the behavior of the inner magnesium salts of porphyrins, the 
phyllins, with simple nitrogen compounds has been investigated. 
Such phyllins have been found to form stable complex salts with 
pjrridine, like the hemochromogens from heme and nitrogen com- 
pounds. They are accordingly named phyllochromogens. 

The pyridine phyllochromogen of protoporphyrin methyl ester 
may be prepared by recrystallizing the phyllin ester from ether 
containing pyridine. It separates as a microcrystalline powder 
which may be filtered off, washed with petroleum ether, and dried 
by exposure to the air. Exactly 2 moles of p3Tidine are given up 
when protophyllochromogen is warmed in a vacuum; the resulting 
phyllin will also recombine with 2 moles of pyridine when it is 
allowed to stand in an atmosphere saturated with p3nidine. The 
product is therefore a bipyridine compound, as are the pyridine 
hemochromogens ( 4 , 5 ). 

The arrangement of the pyridine groups may be assumed to 
be like that in hemochromogens, the magnesium atom occupying 
the center position within the porphyrin nucleus and the pyridine 
groups the positions above and below this plane. Magnesium 
forms complex salts with valencies of both 4 and 6 , the former 
being the more stable ( 6 ). Of those with 6 covalencies, besides 
alcohols, esters, and ketones within the complex, there are those 
with amides (Mg(CHaCONH3)8)Br2, urea (Mg(CON2H4)6)I*, and 
urethanes (Mg(NH2COtC,H6)6)Br3 ( 7 ). 

Protophyllin ester gives in ether a cherry-red solution, and in 
pyridine a red solution with a pronounced yellow-green tinge. 
In pyridine the absorption spectrum shows a shift towards the 
red of 7 mu for Band I and of 10 m/x for Band II. Fig. 1 shows 
the curves from the Hardy color analyzer.^ In dilute solutions of 
pyridine in ether, the extent of phyllochromogen formation is 
dependent upon the concentration of pyridine, as shown by the 
absorption. When green leaves are treated with acetone, the 
strong red band of chlorophyll moves 12 m/x to the blue (1); a 
similar shift occurs when pyridine phyllochromogen is broken 
up by dilution. 

Phyllins may therefore combine with nitrogen compounds in 

1 The author wishes to thank Mr. 8. Q. Duntley of the Massachusetts 
Institute of Technology for his cooperation in making these curves. 
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the same manner as do the heme derivatives of porphjnrins. The 
dissociation of the resulting complex is accompanied by spectral 
shifts analogous to those occurring when chlorophyll is extracted 
from plant tissues. These characteristics lend support to the 
occurrence of chlorophyll in nature as a nitrogen complex salt. 
It is hoped that the behavior of phyllins and chlorophyll with 



400 480 560 

WAVE LENGTH 

Fig. 1. The absorption spectra of protophyllin dimethyl ester in ether 
(Curve I), and in pyridine (Curve II). 

proteins, which is now being studied, will throw further light on 
this association. 

It is significant that French (8) has recently obtained from 
photosynthetic bacteria a complex which appears to consist of 
protein and chlorophyll and carotenoid pigments. Smith (9) 
has also reported the preparation of an aqueous chlorophyll 
protein solution from .spinach. 
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The author is grateful to the American Academy of Arts find 
Sciences for a grant from the Warren Fund, which has greatly 
facilitated this study. 

EXPERIMENTAL 

Protoporphyrin Dimethyl Ester — Protoporphyrin was prepared 
according to Fischer and Putzer (10) by the action of iron on hemin 
in formic acid solution. Methylation with 1 per cent methyl 
alcoholic HCl gave the ester which after repeated recrystalliza- 
tions from chloroform and methyl alcohol was in the form of 
microcrystallirie prisms. Spectrum: I, 636-628; II, 589-585-571; 
III, 548-532; IV, 517-493 mu; IV, III, I, II. 

Phyllin of Protoporphyrin Dimethyl Ester — Alkoxymagnesium 
bromide was used rather than the Grignard reagent because of 
the porph 3 ain carboxyl groups (11). Solid ethylmagnesium bro- 
mide from 1 mg. of magnesium was decomposed with 25 cc. of 
dry propyl alcohol. To the hot propoxymagnesium bromide was 
added 1 gm. of protoporphyrin dimethyl ester suspended in 200 
cc. of hot propyl alcohol. After 15 to 30 minutes of refluxing, the 
porphyrin had dissolved to give a bright red phyllin solution 
with its characteristic two-banded spectrum. After 2 hours heat- 
ing the solution was concentrated under reduced pressure, and the 
resulting oil taken up with ether, washed with aqueous ammonium 
chloride, water, and dried over sodium sulfate. Crystallization 
occurred from the concentrated solution on the addition of pe- 
troleum ether. The yield was about 1 gm. of phyllin. No solvent 
of crystallization was observed. 

Protophyllin dimethyl ester dissolves readily in alcohol and 
acetone, less so in ether, to give bright red solutions with red 
fluorescence. It was recrystallized from ether-petroleum ether, 
and melted at 223-225® with sintering. 

Cs«H 8 «N 404 Mg. Calculated, N 9.14; found, N 9.13, 8.90 

Spectrum {in Eiher)--\, 698-688-678; II, 562-549-635; III, 613-602 mu) 
I and II strong, III faint. 

Pyridine Phyllochromogen of Protoporphyrin Dimethyl Ester — A 
solution of 200 mg. of phyllin in 10 cc. of ether containing 0.5 cc. 
of pyridine was slowly concentrated on the steam bath. Fine 
crystals with a duU gray sheen were deposited. These were 
filtered off after further concentration and addition of petroleum 
ether, washed with the latter, and dried by exposure to the air 
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at room temperature. The yield was 110 mg. In a melting 
point tube, sintering with unsharp melting occurred at about 134®. 

Analyais—C&lcuXsiied for a bipyHdine complex; CseHseNiOiMg.- 
2(C5H*N); C*HiN 20.52, N 10.9. Found, 107.4 mg. substance lost after 12 
hours in a vacuum at 100° 22.4 mg. or 20.85 per cent; 92.4 mg. substance 
lost after 2 hours 19.3 mg. or 20.89 per cent. Dumas nitrogen deter- 
minations gave 10.33 and 10.23 per cent. 

Of the same sample, 48.4 mg. lost after 45 minutes at 100® 
in a vacuum 9.9 mg. or 20.4 per cent. The resulting 38.5 mg. of 
phyllin were left overnight in a vessel containing an open tube 
of pyridine; the sample gained 10.5 mg. or 21.4 per cent of the 
final weight. 

Spectrum in Pyridine — I, 607-595-586; II, 573-560-543 m^. 
The faint band. III, of the phyllin has disappeared. 

Protophyllochromogen is completely dissociated in ether with- 
out additional pyridine: I, 598-588-579; II, 564-550-534; III, 
516-502 m/i. 

In a 1 : 1 mixture of pyridine and ether there is partial associa^ 
tion: I, 599-593-587; II, 572-555-542 my,. 

SUMMABT 

1. There is described a new type of compound, phyllochrom- 
ogen, formed by the addition of pyridine to porphyrin phyllin 
derivatives. 

2. Points of similarity between such phyllochromogens and 
the state of chlorophyll in nature are discussed. 
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THE HBME-GLOBIN LINKAGE OF HEMOGLOBIN 


I. THE COURSE OF THE PANCREATIC DIGESTION OF OXYHEMO- 
GLOBIN AND OF CARBOXYHEMOGLOBIN 

By WILLIAM F. ROSS 

{From the Research Laboratory of Organic Chemistry of the Massachusetts 
Institute of Technology ^ Cambridge)* 

(Received for publication, October 13, 1938) 

At four positions within the native globin molecule heme may 
combine to give a protein, capable of reversible combination with 
oxygen (1, 2) and identical with hemoglobin (3, 4). As many as 
thirty hemes may react with denatured globin, but the product 
cannot be reversibly oxygenated. Many other nitrogen-contain- 
ing compounds combine with reduced hematin to form hemo- 
chromogens, but none of these combines with oxygen in this 
way. Particular interest is therefore attached to the nature of 
the union of heme to globin in native hemoglobin. 

Analogies between hemoglobin and simpler derivatives have 
given some information about this point. Among the methods 
used have been electrometric titration, and the study of the 
magnetic properties, and oxidation-reduction potentials of the 
iron atom. More direct have been efforts to keep intact the 
original heme-protein linkage during degradation of the protein, 
chemical and enzymic hydrolytic agents having been employed. 
Waelsch (6) treated hemoglobin with 2 per cent sodium hydroxide 
at 86®, and isolated from the reaction a product containing hema- 
tin, prolme, and alanine. By alcoholysis of hemoglobin at 190®, 
Ktlster and Koppenhdfer (6), also, obtained a proline-hematin 
fraction. No further support for the association of heme with 
proline has been presented. Haurowitz dAgp*aded hemoglobin 
with the tryptic (7) and papain (8) enzymes, both giving a product, 
'^hemin proteose,*^ rich in iron, with a molecular weight of ‘^at 

* Contribution No. 177. 
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least 23,000.*’ On account of the large size of the molecule and 
the fact that the nitrogen distribution of the protein fragment 
was like that of hemoglobin, Haurowitz suggested that the pros- 
thetic groups had split ofif and recombined with a large fraction 
of undigested globin. This proteose would have no relation to 
the original problem if this were true. 

The present report concerns a study of the action of the pan- 
creatic enzymes on oxyhemoglobin and on carboxyhemoglobin 
to determine the influence of carbon monoxide on the stability 
of the heme-protein linkage. The possibility of isolating the 
amino acid residues to which the heme was originally attached 
is presented if the linkage is so strengthened by carbon monoxide 
as to persist throughout the digestion. 

Earlier reports indicated that CO hemoglobin was completely 
resistant to digestion by the pancreatic enz 3 mes. Abderhalden 
and Damodaran (9) in 1930 found that both oxy- and CO hemo- 
globin were digested to nearly the same extent and at slightly 
different rates by pepsin-HCI, trjrpsin-kinase or erepsin, the 
differences being inconsistent, however. Haurowitz (7) found 
little difference between the splitting of the two derivatives even 
when CO hemoglobin was kept oxygen-free. 

The present investigation has shown that oxy- and CO hemo- 
globin differ in the rate at which they are hydrolyzed by the 
pancreatic enzymes and also in the nature of the product formed 
from the prosthetic group. The data from such experiments 
are presented in Figs. 1 to 6. For reproducible results with CO 
hemoglobin it was necessary to remove all oxygen from the enzyme 
and substrate solutions before mixing and to keep the digest 
always free of oxygen. 

At a hydrogen ion concentration of 8.0 (Fig. 1) the hydrolysis 
of CO hemoglobin differs from that of oxyhemoglobin by being 
slower in the earlier stages; after 5 days the degree of degradation 
is approximately the same for each. When hydrolysis with 
trypsin is complete, the ratio of amino to total nitrogen normally 
lies between 0.56 and 0.60. Aftnr hydrolysis with 20 per cent 
HCl, this ratio is 0.20 higher. At a lower pH, 6.2, (Fig. 2) the 
digestion of CO hemoglobin is greatly inhibited, whereas that 
of oxyhemoglobin proceeds almost unchanged. In these expert- 
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ments the ratio of protein to enz 3 rme is the same (c/. also Fig. 3). 
In Fig. 4, at pH 7.8, the protein has been doubled in concentration 
and the ensyme decreased to one-thirteenth its former value. 
The difference in rates is still pronounced during the initial stages 
of the digestion, but the final hydrolysis reached is not so great 



Fig. 1 



Fig. 1. The pancreatic digestion of oxyhemoglobin (O) and of CO 
hemoglobin (A) at pH 8.0. The nitrogen concentration was 5.35 mg. per 
cc.; the nitrogen to enzyme ratio, 21.5. 

Fig. 2. The pancreatic digestion of oxyhemoglobin (O) and of CO 
hemoglobin (A) at pH 6.2. The nitrogen concentration was 4.85 mg. per 
f»e • thp nitroflren to enzvme ratio. 18.5. 
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Fig. 3. The pancreatic digestion of oxyhemoglobin (O) and of CO 
hemoglobin (A) at pH 6; the nitrogen concentration was 7.35 mg. per cc. 


as that with more enzyme. Thus, even at pH values near 8, the 
optimal point for pancreatic activity, the retarded digestion of 
CO hemoglobin is real, but with high concentrations of enz 3 rmes 
the difference might be overlooked. 

The condition of hemoglobin during the digestions of oxy- 
hemoglobin with trypsin has not yet been determined. Compara- 
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tive rate studies with reduced hemoglobin, methemoglobin, and 
CO hemoglobin are being made. 

Although no instance was found of the inhibition of proteolytic 
enzymes by carbon monoxide, the possibility was considered. A 
gelatin solution was treated with carbon monoxide as in the hemo- 


50.6 


2 0.4 


io.2 

0 

1 0.0 

< 0 2 5 10 15 20 DAYS 

Fig. 4. The pancreatic digestion of oxyhemoglobin (O) and of CO 
hemoglobin (A) at pH 7.8. The nitrogen concentration was 11.0 mg. 
per cc.; the nitrogen to enzyme ratio, 460. 




Fig. 6. The pancreatic digestion of gelatin in air (O) and of gelatin 
in CO (A) at pH 7.6. The nitrogen concentration was 7.25 mg. per cc.; 
the nitrogen to enzyme ratio, 48. 


globin experiments; its hydrolysis with oxygen-free enzyme 
differed in no way from that without carbon monoxide (Fig. 6). 
More significant were similar digestions with globin, in which 
the relation of protein to enzyme corresponds to that with hemo- 
globin except for the fragments near the prosthetic group. Here, 
also, the hydrolyses of globin and of globin with carbon monoxide 
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were identical (Fig. 6). The effect of carbon monoxide in the 
hemoglobin experiments is therefore the result of its action on the 
substrate, not on the enzyme systems involved. Significant is 
the digestion of oxyhemoglobin run simultaneously with globin, — 
after 4 hours the liberated amino nitrogen was 8 per cent of the 
total nitrogen, whereas that from globin was 30 per cent of the 
total. 

It is useful to consider the enzymic degradation of a native 
protein, such as hemoglobin, to consist of two related steps. In 
the first, the initiation of the reaction, the macrostructure of the 
protein is destroyed, giving rise to smaller fragments, the hy- 
drolysis of which constitutes the final stages of the digestion. 
Peptide linkages may be split in both steps. Their location in 



Fig. 6. The pancreatic digestion of oxyhemoglobin (O), of globin in 
air (□), and of globin in CO (A) at pH 6.3. The nitrogen concentration 
was 5.6 mg. per cci ; the nitrogen to enzyme ratio, 22, 

a tightly knit and condense system of protein chains in the first 
stage, and, in simple polypeptide fragments in the latter, is the 
basis of differentiation. With conjugated proteins such as hemo- 
globin the prosthetic group may act as a binder, holding together 
extended protein chains through its association with specific 
amino acid residues within them. 

In the present instance, it is clear that the hydrolysis of the 
smaller fragments is independent of the presence of carbon mon- 
oxide. The same peptides are formed from both hemoglobin 
and globin, and carbon monoxide does not retard their splitting 
with globin. The effect of carbon monoxide is expressed, how- 
ever, through its retarding the rate at which these fragments 
are supplied. 
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The r61e of the four hemes in holding the molecule together is 
illustrated by the greatly retarded initial attack on the hemoglobin 
molecule, compared to that on the globin.^ It is further de-^ 
veloped by carbon monoxide, which, in strengthening the union 
of heme and globin, fortifies the interassociation of the protein 
chains and reduces the availability of their linkages to the enzymes. 

The influence of carbon monoxide on the course of the reaction 
is further seen in the behavior of the prosthetic grouping during 
digestion. The term, prosthetic grouping, is used here to include 
the heme (ferrous derivative of protoporphyrin (10)), the amino 
acid residues to which it is attached in hemoglobin, and the associ- 
ated gas, in this case carbon monoxide. Several hours after the 
addition of enzyme to oxyhemoglobin the solution takes a brown 
tone; within 24 hours it is an opaque brown liquid, having lost 
its former red color. At the completion of digestion a residue 
has formed on the bottom of the flask consisting of a brown floc- 
culent precipitate and a bluish black microcrystalline powder. 
The former is similar to the ‘^proteose^^ of Haurowitz (7), and is 
obtained in greater quantity by acidification of the hydrolysate 
solution. The crystalline fraction can be purified by washing 
with aqueous KHCOa, water, and alcohol and drying. It appears 
to be hematin; on reduction with hydrosulfite in the presence of 
pyridine, the pyridine hemochromogen spectrum is obtained. 
Soon after destruction of the oxyhemoglobin molecule has begun, 
the heme-protein linkage is weakened, and oxidation of the iron 
to the ferric condition occurs. There results separation of the 
prosthetic group as hematin or its dissociation and recombination 
with undigested protein. This would give a compound in its 
general nature like the cathemoglobin from the denaturation of 
methemoglobin. 

The bright red color of CO hemoglobin remains unchanged 
during digestion if the solution is maintained free of oxygen. 
Little residue forms, except occasional deposits of tyrosine; no 
hematin or other crystalline porphyrin derivative is observed. 
Although the solution does not change its color on hydrolysis, a 
real shift in the position of the absorption bands occurs. Fig. 7 
shows the absorption spectra of CO hemoglobin and of the carbon 

^ Configurational differences between native and denatured globin may 
also affect this point. 
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monoxide digestion product, obtained in the Hardy color analyzer.* 
The maxima for CO hemoglobin occur at S69 and 539 m^; those 
for the CO product at 564 and 535 m/x. That both bands shift 
simultaneously 5 m^u to the blue and are not changed in relative 
intensity to one another would indicate that the chromophore 
group itself has not been altered; that the prosthetic grouping 
has persisted from the native protein. Such a shift of the absorp- 
tion region to shorter wave-lengths occurs commonly when the 



400 480 560 640 

WAVE LENGTH (m;x) 

Fig. 7. Absorption spectra of CO hemoglobin (Curve I) and of the CO 
digestion product of hemoglobin (Curve II). 

mass of the non-absorbing portion of a molecule containing a 
chromophoric group is decreased. It would therefore appear that 
most of the protein has been digested away, leaving the heme still 
associated with the amino acid residues to which it is combined 
in the original hemoglobin. This fragment is able to resist the 

* These charts were made possible through the kindness of Mr. S. Q. 
Duntley and Professor A. C. Hardy of the Massachusetts Institute of 
Technology. 
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enzyme action through the protection^ possibly steiici of the 
porphyrin group. The key to this is the carbon monoxide, which 
strengthens the bond of the heme, through its iron, to the protein. 

It is a pleasure to acknowledge a grant from the Warren Fund 
of the American Academy of Arts and Sciences. 

nXPBBIMBKTAL 

Oxyhemoglobin — Horse plasma residues® were diluted with 2 
volumes of isotonic salt solution containing sodium citrate and 
passed through a Sharpies centrifuge, kindly put at our disposal 
by Professor E. A. Hauser (11). From 8 liters of residues were 
obtained 6 liters of semicrystalline paste. Crystallization was 
furthered by adjusting the pH to 6.6 with 0.1 n HCl and stirring 
in an ice-salt mixture. The crystalline paste thus formed was 
washed with distilled water and stored under toluene at 0°. Resid- 
ual stromata were removed by centrifugation of hemoglobin solu- 
tions before use. 

Pancreatic Enzymes — 100 gm. of pancreatin (Merck) were 
ground with 1 liter of 90 per cent glycerol and allowed to stand 
with frequent stirring for 2 days at room temperature. After 
the addition of 1 liter of distilled water, the solution was at once 
centrifuged free of residue and stored under toluene at 0®. 

Digestion — The following typical procedure was that used in 
the experiments of Fig. 6. A concentrated solution of crystalline 
oxyhemoglobin was prepared with the aid of borate-HCl buffer 
(12), and centrifuged free of residue. A portion was transferred 
to a round bottom flask equipped with stop-cocks; the flask was 
evacuated and flushed with oxygen-free carbon monoxide. This 
procedure was repeated several times. Then there was drawn 
into the flask without the introduction of air the required enzjme 
solution, already flushed with nitrogen, and suflScient oxygen-free 
water to bring the nitrogen concentration to 6 mg. per cc. The 
flushing procedure was then repeated to insure removal of all 
oxygen. 

Simultaneously another portion of the same hemoglobin solu- 
tion was mixed with enz3mie and water sufficient for the same 
nitrogen concentration. 

^ Made available through the cooperation of the Massachusetts Anti- 
toxin Laboratory. 
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Amino nitrogen was determined by the Van Slyke volumetric 
method; total nitrogen by a semimicro-Kjeldahl procedure. A 
glass electrode was employed for pH determinations. 

Olobin — Globin was prepared by the acetone-HCl method of 
Anson and Mirsky (13). On account of its insolubility at pH 
8 more acid solutions had to be employed. The solid product 
was powdered and ground with distilled water to give a solution 
of pH 2. This was carefully neutralized with dilute KOH to 
pH 5.6, when further addition of base caused a heavy precipitation. 
Treatment with carbon monoxide followed that used with hemo- 
globin. After mixing with enz 3 rme, the pH was at 6.0, where it 
remained during the experiment. 

SUMMARY 

It is shown that the course of digestion of carboxyhemoglobin 
by the pancreatic enz 3 rmes is different from that of oxyhemoglobin. 
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THB HEME-GLOBIN LINEAGE OF HEMOGLOBIN 

II. THE MOLECULAR WEIGHT OF THE PRODUCT PROM 
CARBOXYHEMOGLOBIN 

By william F. ROSS 

(From the Research Laboratory of Organic Chemistry of the Massachusetts 
Institute of Technology ^ Cambridge)* 

(Received for publication, October 13, 1938) 

Experiments reported in Paper I (1) led to the h 3 rpothesis that 
carboxyhemoglobin was digested by pancreatin without solution 
of the original heme-protein linkage of hemoglobin. Knowledge 
of the molecular size of the remaining fragment should either 
support or destroy this conclusion. Adair (2) by osmotic pressure 
experiments and Svedberg and FAhraeus (3) with the ultracentri- 
fuge have shown the molecular weight of hemoglobin to be 67,000, 
four times the minimum molecular weight of 16,700 based on 1 
iron atom per molecule. Our product from CO hemoglobin would 
appear to be the result of resynthesis, should it be sufficiently 
large to contain more than four hemes per molecule. In view of 
the dissociation of the hemoglobin molecule into half size frag- 
ments (Burk and Greenberg (4) and Steinhardt (5)) the more 
conservative figure of two hemes might be set, although it is not 
known that an even distribution of hemes occurs during dissocia^ 
tion. The molecular size, in addition to being helpful in the inter- 
pretation of the hydrolytic experiments, might also indicate the 
steric relation of the hemes to one another within the hemoglobin 
molecule. 

Minimum Molecular Weight 

The minimum molecular weight of the CO product was deter- 
mined by its iron content. Upon the addition of acetic acid to 
the clear, red digest solution from CO hemoglobin, it becomes 
cloudy and a flocculent red precipitate separates. The latter 

* Contribution No. 178. 
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may be collected by centrifugation, leaving a clear colorless mother 
liquor; it is washed with water, alcohol, and ether, and dried at 
100® in a vacuum. Iron determinations, gravimetric and colori- 
metric (6), gave concordant results, the mean value being 5.24 
per cent, which corresponds to a minimum molecular weight of 
1060. Heme, 616, would constitute 58 per cent of the molecule, 
leaving 42 per cent for the protein fragment. 

Example— 72.6 mg. of dry CO product were ignited in a platinum crucible 
to give 6.6 mg. of ash. This was dissolved in HCl, filtered, precipitated 
with NH4OH, collected on a filter paper, washed with 2 per cent NH4NO1, 
and ignited, giving 5.4 mg. of ash, equivalent to 5.21 per cent iron. Again, 
81.9 mg. gave 6.3 mg. of ash, equal to 6.38 per cent. 


Product 

Iron 

Nitrogen 


p«r c^t 

ptr cent 

159 

5.36 

12.23 

168 

5.39 

12.64 

179 

5.28 

12.24 

183 

6.17 


187 

5.34 


222 

5.28 

12.50 

362 

6.07 



Purification by Dialysis 

% 

A pure solution of the unaltered product was desired for molec- 
ular weight determination. Although, under controlled condi- 
tions, the product may be flocculated with acetic acid, washed 
with oxygen-free water, and redispersed in dilute alkali without 
losing its color, the particle size appears to be increased. The red 
liquor so formed is cloudy, and under the microscope minute 
amorphous particles are visible. 

Adequate purification was foimd in continuous dialysis (7) 
imder an atmosphere of carbon monoxide with a cellophane mem- 
brane.* This permitted passage of the colorless degradation 
products but retained the heme-protein fragment complex. The 
course of dialysis may be seen from Table I. The fraction, re- 
tained during dialysis and precipitated by acetic acid, contains 


‘From the Central Scientific Company; wall thickness 0.00072 inch. 



W. F. Ross 


181 


6 per cent of the total nitrogen and is equivalent to a single frag- 
ment of 1300 mass from 16,700 or 2600 from 33,400, etc., 12.5 
per cent being used as the nitrogen content of the CO product. 

The CO product purified by dialysis is unstable; ad^tion of 
a trace of acetic acid results in complete flocculation from solution. 
Shaking for 80 seconds with air gives it a brown color, the red 
being completely lost within several minutes. 

The absorption spectrum is unchanged after dialysis, the purified 
product having been used for the cufve of Fig. 7 (c/. (1)). From 
the relation, d “= a/cd, where a is the fraction of light absorbed 
at the maxima of corresponding bands (X 539 m#i f or CO hemoglobin. 


Tablb I 

Dialytit of Pancreatic Digeti of CO Hemoglobin 
660 ml. of digest were taken. The rate of dialysis was 600 oo. per hour. 


Fraction 

Time 

Nitrogen 

Percent 
ol total 

pH 

Original 

dayn 

mg. 

5065 

100 

5.8 

Dialysate 1 

5 

4660 

92.0 

6.3 

^ 2 

5 1 

46 

0.9 

7.7 

3 

7 j 

27 

0.5 

8.3 

Residue. 

17 

332 

6.5 

8.9 

Pptd. by acetic acid from above 
residue 

298 

5.9 

5.3 





X 535 for the OO product), c is the concentration of nitrogen in 
mg. per cc., and d the thickness of cell, there is found for the 
coeflScient of absorption, 3.3 for CO hemoglobin and 54.5 
for the CO product. These agree with the interpretation that 
much non-absorbing protein has been removed from the chromo- 
phoric group. 


Osmotic Pressure Experiments 

The osmotic pressure of this relatively pure solution of the CO 
digestion product was determined. A cell like that of Adair 
(2), modified to permit operation under carbon monoxide, was 
used. Table II contains the data from these experiments and 
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the molecular weights 2100, 2020, and 1240 calculated from the 
formula, M = C/P X RT. 

A. »•, X ™ X 1^596 X mi X 10 , ^ ^ ^ 

2.486 X lO* X C 


where C is the concentration per 100 cc. of solution, and P the 
pressure in cm. of water. A negative correction of 1.5 cm. has 
been applied to the observed value. This is the height of the 
meniscus when the same cell is filled with mother liquor from the 
acetic acid precipitation of the product. It is, therefore, a cor- 
rection for capillarity and any high molecular material present. 

Table II 


Osmotic Pressure Experiments 


Experi- 
ment No. 

Solution 

Time 

Tempera- 

ture 

Inner 

volume 

Outer 

volume 


Concen- 
tration of 
CO 

product 

Mol. wt. 



day9 

•c. 

ce. 

oc. 

cm. 

mff. peree. 


1 

183 

2 1 

22.5 

59 

675 

35.8 

2.89 

2180 

2 

188 

5 

20.0 

59 

683 : 

37.8 

2.95 

2020 

3 

332 

37* 

20.0 

60 

55 

46.5 

2.25 

1240 


* With such a small outer volume, sufficient diffusion occurs for the 
concentration of the product outside to increase too rapidly for real maxima 
to be reached. This effect was overcome by changing the water outside 
until a true end-point was found. Six changes were required. 

The behavior in Experiment 2, Table II, after the maximum 
had been reached is shown in Fig. 1. A final constant pressure 
was not obtained, but after 133 days the curve was nearly hori- 
zontal, at a pressure equivalent to a molecular weight of 16,300. 
The color of the solution within the membrane was unchanged 
after this time, and the outer liquid had just a faint pink tinge. 
This behavior was not explained until the CO product had been 
examined in diffusion experiments. 

Diffusion 

The method of Northrop and Anson (8, 9), in which a sintered 
glass membrane is employed, offered a simple means of studying 
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the properties and diffusion rate of the CO product. The stand- 
ard apparatus was modified so that the working atmosphere could 



0 40 80 120 DAYS 

Fio. 1. The osmotic pressure of Experiment 2, Table II, over a period of 
138 days. (The break after 24 days was caused by replacing the almost 
colorless outer liquid with distilled water.) 


Tablb III 

Calibration of Jena Cell mth t n NaCl at 88°;* Titration with 
0.1 v AgNOti KtCrOi Ae Indicator 



Q 

KM 

D 

day$ 



§q, cm. p$r day 

0.0677 

0.1496 

0.486 

1.26* 

0.0417 

0.1176 

0.447 


0.0417 

0.1206 

0.436 


0.0417 

0.1214 

0.432 


0.489 

1.350 

0.455 


0.0625 

0.1790 

0.440 

1.26 

0.0625 

0.1805 

0.436 


0.0625 

0.1837 

0.429 


0.0554 

0.1680 

0.415 


Mean 

0.442 



* Reference (9). 

be controlled. Calibration of the Jena ceil with 2 N NaCl at 
25® is shown in Table III. The cell constant, K, was found by 
the use of the relation K — Dt/Q, where D is the diffusion oo- 
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efficient of the substance in solution, and Q the cc. of inner solu- 
tion that contain the amount diffused in the time t, expressed 
in days. 

With the cell constant so obtained, the diffusion constants for 
sucrose, raffinose, and CO hemoglobin were determined. These 
values are shown in Table IV with corresponding figures from other 
sources. 

In Table V are the diffusion coefficients, D, of the CO product 
imder various conditions, — also the corresponding molecular 
weights. Undiluted CO product solution was used in the diffu- 


Tablb IV 

Diffusion Conatanta for Sucroae, Raffinoae, and CO Hemoglobin 
K cell « 0.442. 



t 

Q 

D found 

D known 


dayi 


sq. cm, per day 

»q, cm. per day 

Sucrose, 1 n aqueous solu- 

0.108 

0.0878 

0.361 

0.380* 

tion, 25° 

0.166 

0.1393 

0.371 



0.125 

0.1007 

0.366 



0.146 

0.1190 

0.362 


Raffimose, 0.125 gm. per 

0.236 

0.1820 

0.341 

0.344* 

cc., 24.5° 

0.156 

0.1211 

0.342 



0.464 

0.3524 

0.336 



0.281 

0.2152 

0.339 


COHb in borate-HCl, pH 

0.625 

0.0766 

0.064 

0.068t 

8.3, 25.6° 

1.07 

0.153 

0.063 

0.077t 


0.930 

0.162 

0.077 



* Reference (10), 

t Calculated from D — 6.9 X 10“^^ sq.cm, per second at 20® (11). 
i Calculated from D •» 0.042 sq.cm, per day at 6® (8). 


sions against water, with the single exception of Experiment 6 
in which the solution was diluted with an equal part of water. 
The borate-HCl and glycine-NaOH buffers were prepared in 
twice the strength of Bertho and Grassmann (12), being diluted 
with an equal volume of CO product for the inner and of 
water for the outer solution. The procedure of Northrop 
and Anson was followed, a 2 hour period being allowed for 
the system to reach equilibrium. Diffusion was followed 
colorimetrically by comparing the diffusate with a diluted solution 
from within the cell after the CO product had become oxidized 
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brown. The properties and previous history of each solution are 
summarized in Table VI. 

The molecular weights of Table V were calculated by the equa- 
tions, D = RT/N6irr7j, and M c= ivr^gN, which combined and 
evaluated give for the molecular weight at 25, M = 30.84/D*.* 


Tabus V 

Difusion of CO Product 
Water thermostat at 26.0®. 


Ex- 

peri- 

Pro- 

duct 

j 

Solvent 

ICoeU 

D 

MoL wt. 

1 

230 

Water ^ 

0.110* 

»q. cm. per day 

0.42, 0.43, 0.44, 

420 

2 

184 

it 

0.686t 

0.36, 0.46 

0.39, 0.47, 0.43 

390 

3 

184 

n 

0.442t 

0.444 

365 

4 

183 

it 

0.442t 

0.389, 0.400 

500 

5 

332 

a 

0.442t 

i 0.365 

635 

6 

332 

1:1 water 

0.442t 

0.406, 0.464, 

300 

7 

230 

Borate-HCl, pH 8.35 

0.442t 

0.641 

0.072, 0.092 

55,900 

8 

184 

Glycine-NaOH, pH 11.65 

0.442t 

0.075, 0.092 

55,900 

9 

183 

Same 

0.4421 

0.099 

31,000 

10 

183 

0.01 N KOH, pH 11.5 

0.442t 

0.199, 0.205, 

3,860 

11 

197 

Same 

0.4421 

0.199 

0.091, 0.112 

31,000 

12 

184 

0.016 N KOH 

0.442t 

0.165, 0.167 

6,740 

13 

332 

Same 

0.442t 

0.133, 0.136 

12,800 

14 

332 

1,26 N KOH 

0.442t 

0.040, 0.047 

388,000 

15 

188 

1 

0.442t 

1 0.127, 0.143 

13,300 


* Alundum disk, 
t Jena cell before grinding. 
t Final Jena cell (Table III). 

§ Reference (12). 

^ Diffusion of 188 after 133 days in osmotic pressure experiment of 
Fig. 1; against outer liquor from the same experiment. 


The equation of Einstein and of Sutherland, D = RT/Nf, 
is restricted to uncharged molecules much larger in size than the 

♦i? « 8.8 X 10^ erg, degree“», molecule“>; T - 298®; - 6.06 X 10*» 

molecule"*^; 17 « 0.00895 erg, second, om.~*; g ■■ 1.3; /, the friction coeffi- 
cient, 6 vrtf for a sphere. 
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molecule of solvent. Its applicability is therefore restricted here; 
the CO product is undoubtedly charged, and its molecular size is 
relatively small, especially in those experiments in which salt-free 
water was used as solvent. 

Dilution of the CO product with buffer or basic solutions was 
in every case accompanied by a slight clouding up of the solution, 
indicative of increased Tyndall intensity. This phenomenon did 
not accompany dilution with water (Experiment 6). Freshly 
dialyzed CO product was also unstable in this way; in Experiment 
13 a solution was taken directly from dialysis for diffusion in 
0.015 N KOH. It is believed that the aggregation of the meta- 
stable CO product into larger colloidal particles causes this, a 


Table VI % 

CO Product Solutions Studied 


Product 

Nitrogen 

pH 

Period dialysed 


mg, per oc. 


days 

183 

0.56 

8.8 

5.5 

184 

0.45t 

9.0 

6 

188* 

0.36 

9.0 

10 

197 

0.43 

8.9 

17 

230 

0.67 1 

9.0 

7 

332 

0.89 

9.4 

7 


• Solution 184 after 5 days additional dialysis, 
t Calculated from values for 188 and the dialysate. 


belief which is supported by the low diffusion constants, parallel- 
ing the observed increase in Tyndall effect. The instability of 
the dialyzed solution is doubtless due to the absence of the sta- 
bilizing influence of protein hydrolytic products. Only those 
diffusion constants in salt-free water are accepted as relating to 
the original unaggregated form of the CO product. That the 
CO product also slowly aggregates in salt-free solutions is shown 
by the continual fall in osmotic pressure after a maximum has 
been reached (Fig. 1, and Table V, Experiment 15). The CO 
product after 133 days osmosis was transferred directly to the 
diffusion cell and its rate of diffusion against the outside osmotic 
iquor determined. The red inner solution was very cloudy, and 
some residue was present on the bottom of the cell. The maxi- 
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mum osmotic pressure of this solution had been reached after 
5 days and corresponded to a molecular weight of 2020; at this 
time the molecular weight calculated from diffusion against water 
would lie near 460 (Table V). After 133 days the osmotic pressure 
was equivalent to a molecular weight of 16,300, and now its dif- 
fusion constant equaled 13,000. 

DISCUSSION 

The methods of diffusion and osmotic pressure do not give 
wholly satisfactory results under the best conditions. With 
such an unstable material as CO product the results may be 
subject to question, but, in the absence of better information, 
must be considered. 

In the classical osmotic studies of Adair on hemoglobin it was 
found that reproducible values were obtained with buffered solu- 
tions at the isoelectric point (13) or in salt-free solutions (14). 
The tendency of the CO product to aggregate on dilution with 
electroljrte solutions excludes experiments at the buffered iso- 
electric point; simultaneously are eliminated complications from 
the Donnan effect. The salt-free solution from dialysis should 
give acceptable values in the absence of high molecular fragments 
and of ionic forces. The first factor may be excluded by the low 
pressures of the mother liquor after acetic acid precipitation of 
the product. Adair^s acceptable values with salt-free hemoglobin 
indicate that ionic forces are negligible with the almost neutral 
protein. One hesitates to extend this, however, to the CO prod- 
uct, whose purified solution has a pH of 9, although the alkalinity 
may not be contributed by the product itself. 

The diffusion constant of the CO product against electrolyte- 
free water is high, the calculated molecular weights being cor- 
respondingly low. The average value found was 0.42 sq. cm. 
per day, comparable with 0.38 sq. cm. per day for sucrose. 

The effect of coulomb or ionic forces on diffusion rates has been 
treated by Bruins (15), Hartley and Robinson (16), and Heidel- 
berger and Kendall (17). Hartley and Robinson were concerned 
with colloidal electrolytes, in particular dyes. The increased 
charge resulting from aggregation of such particles effects an 
increase in the diffusion rate contrary to that to be expected 
from the Stokes-Einstein equation. Addition of readily diffusible 
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electrolytes to the solution reduces this potential gradient, giving 
a true value only when the conductance of solution is sufficiently 
high to destroy it completely. The original high diffusion rate 
of our CO product in electrolyte-free solution may be due to such 
a charge on the particle and the electrical gradient thus set up. 
Aggregation has, however, a decidedly different effect. When 
this occurs as a result of long standing (Experiment 15, Table V), 
without addition of electrolytes, the diffusion constant falls. 
The electrical gradient is not enhanced, but a neutralization of 
charges occurs. After this process has taken place, the molecular 
weights from osmosis and diffusion agree (16,000 and 13,000). 
The effect of added electrolytes is hardly analogous to that dis- 
cussed by Hartley and Robinson. The solution shows a Tyndall 
increase as it does under salt-free aggregation, and the discordant 
values for the diffusion constants give molecular weights from 
6000 to 400,000, with no limiting figure. 

Ionic forces may therefore be considered a real factor here in 
determining the rate of diffusion. Diffusion across such a perme- 
able membrane as that used is treated as if actuated by the gradi- 
ent osmotic pressure within the cell. Accordingly the osmotic 
pressures observed with the CO product also must be viewed with 
the possibility of ionic interference. 

In spite of these factors which have to be considered in inter- 
preting the experimental data, there is general agreement in the 
figures from different sources. The minimum molecular weights 
from iron content, 1060, and from residual weight after dialysis, 
1300, and the figures from osmosis, 2180, 2020, and 1240, indicate 
a value acceptable for a one or two heme fragment. The values 
from diffusion constants also are in accord with a relatively 
small weight. The agreement between osmotic and diffusion 
figures after aggregation (13,000 and 16,000) shows that the origi- 
nal product cannot be of this magnitude. The possibility that 
the CO product is a result of resynthesis formed from the recom- 
bination of many hemes with a large fragment of undigested 
protein is thus discredited. Were the mean value of 450 off by 
a factor of 10, the result would still permit a four heme fragment; 
even this factor would appear too great from the data at hand. 

These studies have therefore not only failed to produce evidence 
against the theory that pancreatic CO hemoglobin digestion 
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proceeds without rupture of the original heme-globin linkage, but 
make it appear likely that the resulting fragment contains one 
or two heme groups associated with a polypeptide of 500 or 1000 
size, respectively. 

A true determination of the particle size of the CO product is 
a desirable objective as a means of determining the position of the 
four heme residues within the native hemoglobin molecule. 
Should this fragment contain two hemes, which is most probable 
from our data, strong evidence would be given that the hemes are 
placed in pairs along single protein chains with only 8 to 10 amino 
acid residues between them. Each of the half molecules of Burk 
and Steinhardt would thus contain a heme pair. On the other 
hand a figure of four minimal weights would support uneven 
distribution of the hemes between the half size molecules. It 
is hoped that the study of the amino acid residues present in the 
protein fragment, which is now in progress, will give more positive 
proof for or against the two heme figure. 

SUMMARY 

Minimum molecular weights for the product from pancreatic 
digestion of CO hemoglobin are 1060, based on the iron content, 
and 1300, on the non-dialyzable residue. 

Data from osmotic pressure determinations and from diffusion 
experiments are in agreement with a molecular weight of once 
or twice this value. 

The product appears to contain the original heme-protein 
linkage of hemoglobin. 
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CAROTENE 

XL ISOLATION AND DETECTION OF a-CAROTENE, AND THE 
CAROTENES OP CARROT ROOTS AND OF BUTTER 

Bt HAROLD H. STRAIN 

{From the Carnegie Institution of Washin^onf Division of Plant Biology^ 
Stanford University^ California) 

(Received for publication, August 11, 1938) 

Contradictory reports concerning the a-carotene content of 
butter (1-3) have prompted a reexamination of the methods 
for estimation of carotenes. This has led to a redetermination 
of the carotenes of carrots, of leaves, and of butter obtained from 
cows fed various proportions of carotene isomers. 

The most sensitive and specific method for the detection of 
a-carotene is chromatographic adsorption. With specially pre- 
pared magnesia as adsorbent (to avoid alteration of the caro- 
tenoids by adsorption and to eliminate losses by crystallization) 
(1, 4) it has been possible to demonstrate changes in the a-carotene 
content of butter not detectable by other methods. 

The occurrence of a-carotene in butter is dependent upon the 
a-carotene content of the rations fed the cows. The presence 
in butter of other carotene isomers and of the colorless, weakly 
adsorbed, fluorescent substances found in leaves (6) likewise 
depends upon the quantities of these materials contained in the 
rations of the animals. 

Convenient sources of carotene isomers and of the weakly 
adsorbed, fluorescent leaf constituents for feeding experiments 
are carrots and extracts of carrots. In addition to a-, /3-, 7-, 
and 5-carotene, carrots contain relatively large amounts of a 
carotene with spectral absorption properties similar to those of 
the flavoxanthins (6-10). This flavoxanthin-like carotene, which 
does not occur in appreciable quantities in leaves, and which is 
isolated readily by adsorption of saponified carrot extracts, is 
easily detectable in butter by spectrophotometric methods. 
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Methods 

Two independent methods have been utilized for determination 
of the carotenes of leaves, carrots, and butter; namely, chromato- 
graphic adsorption (magnesia) (1, 4) and spectral absorption 
(photoelectric) (11). Spectral absorption properties of pure 
chemical compounds are usually represented by plotting the 
logarithm of the molecular extinction coefficient log E ~ log 
[(log lo — log I) Lc] against the wave-length, h and I are, 
respectively, the transmission of light by L cm. of solvent and 
solution and c is the concentration of pigment in moles per liter 
of solution. In case the pigments cannot be isolated in a high 
state of purity, considerable information concerning the properties 
of the mixture may be obtained from the shape of the so called 
characteristic absorption curve, the plot of log (log /© — log I) 
against the wave-length (12). Alteration of the composition 
of the pigment mixture is accompanied by change in shape of the 
characteristic absorption curve. 

In order to compare the absorption properties of pigment mix- 
tures contained in natural products such as leaves and butter 
with those of pure pigments, it is convenient to express the absorp- 
tion as log 5 = log [(log Iq — log I) 4 “ Lc] where c is expressed in 
gm. of material (e.g., butter) per liter of solution ((8) p. 125). 
Such curves have the same shape as the characteristic absorption 
curves, and, when the extinction coefficients of the pure pigments 
are known, the concentration of each pigment in the mixture may 
be calculated. Comparison of the shapes of different absorp- 
tion curves is facilitated by addition of a constant, ifc, to the val- 
ues of log E or log 8. 

Results 

Separation of a- and ^-Carotene by Adsorption — The minimum 
quantity of a-carotene that can be detected in the presence of 
/3-carotene varies with the size of the special magnesia (4) adsorp- 
tion columns and with the amount of the mixture adsorbed. 
With columns 0.7 cm. in diameter it is possible to isolate a-carotene 
from mixtures containing as little as 0.02 per cent of the a isomer 
provided 9 to 10 mg. of the mixture are adsorbed. 

Carbon tetrachloride may be used instead of petroleum ether 
as a solvent for separation of carotenes by adsorption. The 
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adsorbed carotene is eluted completely with ethanol, and about 
90 per cent of the separated carotenes is recoverable in crystalline 
form. 

The reaction between magnesia and adsorbed jS-carotene was 
followed spectroscopically. Equal quantities (5 mg.) of nearly 
pure /8-carotene were adsorbed frqpi various solvents upon col- 
umns 1.2 by 10 cm., composed of magnesia and siliceous earth 
(1:1). After some time, the pigments were eluted with 30 ml. 
of solvent containing a little ethanol. This solution was diluted 
with ethanol and the absorption of the pigments (based upon the 





Fig. 1. Characteristic absorption curves of /3-carotene adsorbed on mag- 
nesia from n-heptane and of /3-carotene heated in ethanol. Solvent, 
ethanol. 

quantity of carotene originally adsorbed) was compared with 
that of the unadsorbed carotene (Fig. 1). At 20® /8-carotene 
is altered but slightly by adsorption on magnesia for 1.5 hours 
from n-heptane, and about 97 per cent of the pigment is eluted 
with ethanol. At 70® adsorption on magnesia for 1 hour from 
n-heptane causes decomposition of the carotene similar to that 
which occurs when solutions of carotene are heated (Pig. 1). 
Similar results were obtained «when carbon tetrachloride was 
used as solvent. 

Decomposition of /8-carotene in ethanol by the action of heat 
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is illustrated by Fig. 1. a-Carotene is decomposed in a similar 
way when heated in sealed tubes with pjrridine, but it is not 
converted into iS-carotene, as shown by chromatographic adsorp- 
tion of the products. 

a-Carotene is also decomposed by very strong alkalies such 
as a solution of potassium andde in liquid ammonia but it is not 
converted into iS-carotene. 

Carotenes of Carrots and of Leaves — Carrot roots that had been 
in storage for some time (27.3 kilos) were sliced, extracted with 
water (13), dried in air, reduced to a fine powder in the ball mill, 
and extracted with petroleum ether (5 liters) which was subse- 
quently concentrated to about 750 ml. This concentrate was 
treated at 20® with potassium hydroxide (50 gm.) dissolved in 
methanol (250 ml.). Petroleum ether (1.5 liters) and water 
(100 ml.) were added to the carotene solution and the aqueous 
layer which separated was removed. The petroleum ether layer 
was extracted repeatedly with methanol (90 per cent), then with 
water, and concentrated to about 250 ml. This solution was 
passed through a magnesia adsorption column (Column I) (6.7 
by 37 cm.) (4) which was then washed with petroleum ether 
until the a- and /3-carotene were carried through. The percolate 
containing the a- and /3-carotene was collected in portions of 
about 150 ml., and these were passed successively through another 
column 6.7 by 37 cm. In this way the a- and /3-carotene were 
separated from each other. No indications of an isomerization 
of a-carotene were observed (3). Relatively very large quantities 
of colorless fluorescent substances similar to those found in leaves 
(5) were adsorbed below the a-carotene. These materials were 
isolated as oils which oxidized rapidly in air and did not crystallize 
from methanol. Below the fluorescent compounds on the adsorp- 
tion column there appeared small quantities of a carotenoid pig- 
ment which resembled a pigment previously separated from 
palm oil (4) and from the tops of the white carrot (1). 

Column I, after having been washed with petroleum ether as 
described already, contained four definite bands of adsorbed 
carotenes. Near the top of the column was a rather indefinite 
orange-red band about 3 cm. wide (Band I). Near the center 
of the colunon was a red-orange band about 3 cm. wide (Band 
II). Below this band was a white space about 1 cm. wide and 
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below this was a yellow band about 2 cm. wide (Band III). The 
lower 12 cm. of the column were lemon-yellow (Band IV). The 
pigment from Band I (eluted with ethanol) did not exhibit 
well defined absorption maxima and minima. The characteristic 
absorption curve of the pigment from Band II (X maxima 
435, 460, and 490 m/i in petroleum ether) indicated that 
this carotene was identical with 7-carotene (14). The pigment 
from Band III exhibited absorption maxima at 428, 454, 
and 484 m^u and absorption minima at 439 and 474 m/i, in- 
dicating that it was 5-carotene (15). Since considerable quantities 
of the pigment from Band IV were present, the solution of the 
eluted pigment was concentrated, and the pigment itself was 
crystallized by the addition of methanol to the concentrated solu- 
tion. These crystals, which were orange-colored, contained color- 
less impurities which did not dissolve in acetone. The character- 
istic absorption properties of a solution of the crystals in petroleum 
ether are shown in Fig. 2. This carotene exhibits many reactions 
characteristic of the carotenoids. It is oxidized very rapidly to 
colorless substances upon exposure to air. It is much more 
soluble in petroleum ether than in 90 per cent methanol. With 
sulfuric acid and with antimony trichloride in chloroform it forms 
blue solutions which do not exhibit definite absorption maxima. 
In ether solution, the carotene does not form colored products 
with concentrated hydrochloric acid. The wave-lengths of the 
absorption maxima of this pigment in solution in carbon disulfide 
are 423 and 454 m^. This is considerably different from the 
wave-lengths of the absorption maxima of a strongly adsorbed 
carotene separated from carrots by Karrer, Schfipp, and Morf 
(10). The pigment appears to be identical with a carotene first 
detected in carrots by the spectroscopic investigations of van 
Stolk, Guilbert, and P6nau (9). 

All the substances described in the preceding paragraphs were 
also isolated from a technical preparation of carotene dissolved 
in cottonseed oil. This carotene, which was fed to cows as de- 
scribed in the following section, was prepared by concentration 
of an extract of carrots; hence loss of carotene isomers by cr3rstalli- 
zation was avoided. 

Characteristic absorption properties of carotene mixtures ob- 
tained from various plant parts are reported in Table I. About 
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20 gm. of plant material were extracted with ethanol. Fats and 
chlorophylls in the extracts were saponified with potassium hy- 
droxide and the carotenoids were transferred to petroleum ether, 
which was then extracted repeatedly with methanol (90 per cent) 
in order to remove the xanthophyUs. Characteristic absorption 
properties of the petroleum ether solutions were then determined. 
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Fig. 2. Extinction coefficients of a- and ^-carotene; values at left of 
figure. Characteristic absorption curve of the flavoxanthin-like carotene 
from carrots and specific absorption curve of butter (from Cows A and B) 
before and after heating; values at right of figure. Solvent, petroleum 
ether. 

For comparison with jS-carotene, the values of the characteristic 
absorption values have been made equal at 480 m^, the wave- 
length at which the absorption values of a- and jS-carotene are 
equal (Fig. 2). It is only the carotenes from carrot roots that 
contain large quantities of the pigment which exhibits strong ab- 
sorption at short wave-lengths. 

Extinction Coefficients of a- and ^Carotene — The molecular 
extinction coefficients of a- and ^-carotene, dissolved in petroleum 
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ether (b. p. 55-65®), are recorded in Fig. 2. These results are 
in moderately good agreement with absorption coefficients re- 
ported by Peterson, Hughes, and Freeman (16) and by Clark and 
Gring (17). 

Carotenes of Butter — When Jersey cows#vere fed rations (beet 
pulp, alfalfa pasture, and alfalfa hay) containing /S-carotene as the 

Table I 

Characteristic Absorption Properties of Carotene from Various Sources; 

Solvent^ Petroleum Ether 

The results are expressed in log s k as defined under ‘^Methods/* 


Wave- 


Carrot 

1 

White 

carrot 

leaves 

Sun- 

6ower 

leaves 

Tobacco 

Incense 

cedar 

length 

Tips 
of roots 

Centers 
of roots 

Crowns 

1 of roots 

Leaves 

leaves 

branch- 

lets 

mu 

405 

4.874 j 

4.842 

4.919 

4,755 

4.737 

4.740 

4.750 

4.767 

480 

5.073 1 

5.073 

5,073 

6.073 

5.073 

5.073 

5.073 

5.073 

490 

4.838 

4.839 

4.825 

4.865 

4.892 

4.902 

4.891 

4.823 


Table II 

Carotene (a Plus Content of Butter {Calculated from Absorption at^SOMp) 
and a- and 0-Carotene Content of Butter {Determined by Absorption after 
Separation of the Pigments by Adsorption) 


Per 100 gm. butter 

i 

Cows A 
and B 

Cow A 

CowB 

Alfalfa, 
beet pulp 

Beet pulp, 
cottonseed 

Carrots, 
beet pulp, 
cottonse^ 

Beet pulp, 
oottonse^ 

Carotene, 
beet pulp, 
cottonseM 


mg. 

mg. 

mg. 

mg. 

mg. 

Carotene 

1.32 

0.59 

0.85 

0.41 

0.51 

a-Carotene 

0.0043 


0.069 


0.043 

/3-Carotene 



0,45 


0.206 


principal constituent of the carotene mixture for more than 30 
days, the butter carotene was composed almost entirely of /3- 
carotene (Fig. 2; Table II). Petroleum ether-soluble, fluorescent 
compounds which are adsorbed below a-carotene (6) were not 
detectable by adsorption. The same cows given rations con- 
taining reduced quantities of carotene (beet pulp and cottonseed 
meal) for the following 19 days produced butter containing small 
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Fig. 3. Characteristic absorption curves of butter before and after 
feeding Cow A carrots and Cow B carrot root carotene. Solvent, petroleum 
ether. 



Fig. 4. Characteristic absorption curves of carotenes isolated from 
butter after feeding Cow A carrots and Cow B carotene. Solvent, petro- 
leum ether. 
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quantities of carotene consisting principally of the /S isomer (Fig. 
3; Table II). Addition to the rations of substances rich in a- 
carotene, the havoxanthin-like carotene, and the fluorescent 
substances referred to above resulted in the excretion of all these 
substances in the butter, as indicated by increased absorption 
of the butter at short wave-lengths (Fig. 3) and as proved by 
isolation of the pigments by adsorption followed by determination 
of their characteristic spectral absorption (Fig. 4; Table II). 
(Cow A received carrots with tops, 150 pounds for 3 days, and 
carrots, 370 pounds for 4 days. Cow B received beet pulp, cotton- 
seed meal, and approximately 2 gm. of carotene in cottonseed oil 
daily for 9 days.O 

For determination of the absorption properties of butter, the 
freshly churned fat was melted at 50® and permitted to stand 1.6 
hours in order to remove the buttermilk. This rendering did not 
alter the butter carotene (Fig. 2). Samples of the rendered fat 
(6 to 12 gm. dissolved in petroleum ether, filtered, and diluted 
to 100 ml.) were used for the spectrophotometric measurements. 

For separation of the butter carotenes by adsorption, rendered 
butter (about 500 gm.) was dissolved in twice its volume of ab- 
solute ethanol and allowed to stand at 2-5® overnight. Crystals 
which separated were removed, washed, and the filtrate treated 
with a large excess of potassium hydroxide dissolved in methanol. 
After several hours, the pigments were transferred to petroleiun 
ether which was extracted with methanol (80 per cent) and with 
water, dried, concentrated to about 10 ml., and adsorbed on 
magnesia and siliceous earth columns 2 by 13 cm. The quantities 
of carotene isolated from the column (Table II) include the losses 
due to removal of the colorless materials, to partition, and to 
adsorption. 


DISCUSSION 

Estimation of the various carotenoids in natural products 
depends upon utilization of methods which do not alter the relative 
proportions of these pigments and which do not decompose the 
pigments themselves. When these precautions are taken, analy- 

^ These feeding experiments were carried out under the supervision of 
Dr. H. E. Guilbert, at the Department of Agriculture of the University of 
California at Davis. 
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sis of carotenes from carrots reveals the presence of a pigment 
which exhibits an absorption spectrum similar to that of the 
flavoxanthins. Since this substance has not yet been isolated 
in a high state of purity, the exact quantity present in carrots 
cannot be determined, but, if one assumes that the extinction 
coefficients of this pigment at maximum absorption are equal 
to those of a-carotene at maximum absorption, then the amounts 
of these two pigments must be approximately equal. The absence 
of this fiavoxanthin-like pigment from carrot and sunflower leaves, 
which vary greatly in a-carotene content, indicates that its pres- 
ence in natural products is not proportional to the a-carotene 
content. 

Since the carotenes of butter vary with those ingested by the 
animals, investigations of the butter pigments must be supple- 
mented by investigations of the carotenes of the rations. Oc- 
currence of only d-carotene in butter after cows had received 
principally this pigment in the rations indicates that carotenes 
are not interconvertible in the cow. The proportions of the 
carotene isomers isolated from butter after cows had been fed 
carrots were similar to the proportions of the carotenes in the 
rations. The rapidity with which carotenes of carrot roots are 
transferred to butter suggests that carrots may be used as a source 
of vitamin A in milk and butter in northern and arid regions 
when green fodder is not available. 

It is a pleasure to acknowledge many helpful suggestions made 
by Dr. H. A. Spoehr and Dr. J. H. C. Smith and the assistance 
rendered by Dr. H. R. Guilbert in supervising the feeding experi- 
ments and in collecting the butter. 

SUMMARY 

Carrots contain considerable quantities of a carotene pigment 
the spectral absorption properties of which are similar to those 
of the flavoxanthins. This pigment does not occur in appreciable 
amounts in leaves. Carrot roots are also an excellent source of 
the colorless, weakly adsorbed, strongly fluorescent substances 
first isolated from leaves. 

The carotenes of butter are dependent upon those contained 
in the rations of the cows. The weakly adsorbed, fluorescent 
constituents of ingested carrots also appear in the butter fat. 
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A NBW METHOD FOR THE MICRODETERMINATION 
OF MANGANESE IN BIOLOGICAL MATERIALS* 

Bt a. C. WIESE AND B. CONNOR JOHNSON 

{From the Department of Biochemietryj College of Agriculture^ Univeraity of 
Wieconein, Madison) 

(Received for publication, August 15, 1938) 

In our studies on perosis in chicks, it was found desirable to be 
able to determine small amounts of manganese of the order of 
0.1 to 10 micrograms. Such a method was necessary for the de- 
termination of manganese in bones, blood, and similar materials. 
The formaldoxime method of Sideris (1) was found unsuitable, 
as the determination is carried out in alkaline solution. Under 
these conditions phosphates precipitate, causing a masking and 
adsorption of the color. The standard method in which the man- 
ganese is oxidized to permanganate and the color thus developed 
compared with a standard was not suflSciently sensitive. The 
smallest amount detectable with the use of an Evelyn photoelec- 
tric colorimeter and a 5200 A. filter was 25 micrograms in 25 cc. 

In 1913 Dietz (2) and later Feigl (3) and Olszewski (4) described 
a very sensitive qualitative test for manganese. In alkaline solu- 
tion manganese dioxide and the permanganate ion oxidized ben- 
zidine to give a blue color. With this test it was possible to detect 
1 part of manganese in 250,000,000. Stratton and coworkers 
(5) in 1932 and Clark in 1933 (6) suggested the use of benzidine 
for the quantitative determination of permanganate. However, 
the blue color obtained was found to fade in 2 minutes, thus seri- 
ously limiting the method. 

Fundamentally, the method depends on the oxidation of ben- 
zidine. In dilute solutions of oxidizing agents the meriquinoidal 

* Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

Supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 
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type of compound (7) is formed, which is green in acid and blue in 
neutral solution (8). When a neutral solution of dilute perman- 
ganate was added to a solution of purified benzidine in 5 per cent 
acetic acid, a deep blue color developed. Attempts to evaluate 
the color by means of the Evelyn photoelectric colorimeter and a 
6600 A. filter met with failure, as it was found that the color de- 
veloped started to fade immediately on formation. Thus accu- 
rate estimations of the small amounts of manganese present were 
impossible. 


Tabls 1 


Stability of Color for Various Amounts of Manganese 


Time 

Galvanometer deflection 


1 miorosram 

6 micrograme 

10 miorograms 

mtfi. 

1 

761 

40* 

16* 

2 

74* 

351 

14 

3 

741 

33* 

12* 

4 

741 

33 

121 

5 

741 

32* 

12 

6 

741 

32 * 

12 

7 

74* 

32* 

12 

8 

74* 

32* 

12 

9 

74* 

32* 

12 

10 

75 

32* 

12 

11 

76 

32* 

121 

12 

76 

33 

121 

13 


33 

12* 

14 


CO 

12* 

15 



12* 


However, when solutions of benzidine were added to perman- 
ganate solutions made strongly acid with nitric acid, a yellow- 
green color instead of the blue was obtained. In tests of this 
color with the photoelectric colorimeter, with a 4200 A. filter, it 
was found to be a great deal more stable. Table I shows the 
relative stability of the color developed with various amounts of 
manganese. From these data it is seen that the maximum color 
develops in from 3 to 5 minutes and that the color is stable for 6 
minutes. 
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It was decided to carry out the determination in nitric acid 
solution. Sulfuric acid could not be used^ as sulfate forms a 
precipitate with benzidine, and hydrochloric acid was also un- 
desirable, as it reduces permanganate ion and 3 rields free chlorine 
in the presence of oxidizing agents. 

As other oxidizing agents give the same color with benzidine (2), 
this reaction is not specific for permanganate. In the determina- 
tion manganous ion must be oxidized to permanganate ion, and 
the reagent chosen for this oxidation must be one which will not 
leave any excess oxidizing agent to come in contact with the 
benzidine. For this purpose sodium bismuthate was selected, as 
it readily decomposes in acid solution, leaving insoluble bismuth 
oxide, which can be easily filtered off. 

The following metals, cerium, cobalt, nickel, thalium, and 
silver, as their hydrated oxides have been found by Feigl (3) to give 
the same blue color with benzidine. When salts of these metals 
were used in our regular procedure, no color was obtained. Ferric 
iron (3) and copper were also found not to interfere with the de- 
termination. 

However, chlorides (and other halides) do interfere by the for- 
mation of free chlorine (5) on treatment with the oxidizing agent 
and hence it is necessary to remove them from the sample. Silver 
nitrate was used, but here again trouble was encountered. The 
excess silver ion reacts with sodium bismuthate to form an un- 
stable complex of silver bismuthate which is soluble in dilute nitric 
acid solution (9). This allowed some oxidizing agent to pass 
through the filter and react with the benzidine, thus yielding high 
results. We have also observed a similar effect with cobalt. 
However, with concentrations of cobalt up to the order of 20 
times that which would ordinarily be found in biological material 
no interference was encountered. It is necessary, therefore, to 
remove the chlorides by adding an excess of nitric acid and evap- 
orating to dryness on the hot-plate, care being used to prevent 
spattering. Two to three evaporations are sufficient to free the 
sample from chlorides. 

The nitric acid used must be free of oxides of nitrogen, as these 
react with benzidine to form interfering colors. These oxides are 
easily eliminated when the nitric acid is boiled with sodium bismu- 
thate. 
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Another difficulty encountered was the fading of the perman- 
ganate after filtering off the sodium bismuthate and before adding 
the benzidine. It was found simpler to filter directly into the 
colorimeter tubes containing the benzidine solution, and thus no 
loss occurred owing to fading of permanganate. 

Procedure 

Reagents — 

Redistilled water throughout. 

Benzidine (p-diaminobiphenyl). A 1 per cent solution in 5 
per cent acetic acid, stored in a dark bottle. The benzidine was 
purified (10) as follows: “20 gm. of benzidine were dissolved in 
150 cc. of 70 per cent alcohol (7 volumes of 95 per cent alcohol 
plus 3 volumes of water) at about 70®, allowed to crystallize in the 
refrigerator, filtered with suction, and washed with a little cold 50 
per cent alcohol. The crystals were redissolved in about 135 cc. 
of 70 per cent alcohol.’’ 1 gm. of carbon was added and after 
further heating, filtered hot on a hot water funnel through paper 
previously washed with some hot alcohol. “Finally the flask 
and filter were washed with about 30 cc. of warm 50 per cent al- 
cohol. The filtrate was cooled in the refrigerator, and the ben- 
zidine filtered with suction, and dried in a dark place.” The air- 
dried substance contained water and traces of carbon which were 
removed by recrystallization from dry benzene. The product 
was stored in a bottle of brown glass. 

Nitric acid (concentrated) free from all traces of oxides of nitro- 
gen. 

Sodium bismuthate, NaBiOg. 

Shredded asbestos, purified by boiling with HNOs and washing 
thoroughly with redistilled water. 

Standard manganese solution containing 1 microgram per cc., 
made by proper dilution of a solution containing 0.1 mg. per cc. 

Method 

A sample containing approximately 1 to 10 micrograms of 
manganese is weighed out and ashed in a well extracted porcelain 
dish at cherry-red heat. The ash is taken up in 3 to 5 cc. of con- 
centrated HNOs and 10 cc. of water. The mixture is heated to 
boiling to permit thorough extraction of the ash and transferred 
quantitatively to a 100 cc. beaker. It is then evaporated to dry- 
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ness on a hot-plate^ again taken up in 3 to 5 oc. of concentrated 
HNOi and 10 cc. of water, and again evaporated to dryness. This 
procedure is carried out a third time. The sample, which should 
now be free of chlorides, is taken up in 3 cc. of concentrated 
HNOi and 10 cc. of water and warmed slightly to bring into solu- 
tion. Allow to cool and add approjdmately 0.2 gm. of sodium 
bismuthate; heat and allow to boil for 2 to 3 minutes. CJool to 
below 30® (11), add 0.3 to 0.5 gm. of sodium bismuthate, mix 
thoroughly, and let stand a few minutes to allow the excess sodium 
bismuthate to decompose. The excess sodium bismuthate is 
filtered off through a Gooch crucible. The Gooch crucible and 
suction flask are so arranged that the solution filters directly into 
the colorimeter tube containing 2 drops of the benzidine solution 
in 3 cc. of redistilled water. The solution is made up to a volume 
of 25 cc. (the colorimeter tubes having been previously calibrated 
to this volume) and thoroughly mixed. A yellow-green color 
develops which is read at the end of 5 minutes on the Evelyn 
photoelectric colorimeter with a 4200 A. filter. Blanks prepared 
by using the same amounts of nitric acid and sodium bismuthate 
should be water-white. 

It has been foimd possible to perform six to eight filtrations 
through the same filter and then read the colors developed on the 
colorimeter. In this way thirty to forty determinations can be 
read in 1 hour. 

Results 

Known solutions of manganese were analyzed; the amounts of 
manganese found are given in Table II. The best results are 
obtained when the sample contains from 1 to 10 micrograms of 
manganese. 

Several samples of food mixtures were analyzed by this proce- 
dure and that described by Skinner and Peterson (12). The re- 
sults obtained are as follows: 


Samiklt No. 

1 

Method 

No. of determin*- 
tkmi 

Mn found per gm. 

ROM 

Periodate 

2 

microgrmms 

8.85 

ROM 

Benzidine 

C 

8.85 (8.2-8.6) 

R«10 

Periodate 

2 

8.8 

Reio 

Benzidine 

8 

8.02 











Tabud II 


Analysis of 

Known Solutions for Manganese ConU 

Mn t»kMi 

Mn found 

microgramM 

miotograms 

0.1 

0.13 

0.25 

0.21 

0.5 

0.61 

1.0 

1.2 

2.0 

2.0 

4.0 

4.1 

5.0 

5.1 

7.0 

7.0 

10.0 

9.95 

12.0 

12.8 

15.0 

15.4 


Table III 


Recoveries Obtained with Added Manganese 


Sample 

Weight of 
sample 

Mn in 
sample 

Mn added 

Mn 

recovered 

Added Mn 
recovered 


gm. 

mieroffranu 

mierogrami 

microgram» 

per cent 

604 

5 

39.7 

20 

20.1 

101 

604 

5 

38.0 

20 

19.5 

97.5 

610 

5 

39.8 

20 

20.3 

102 

610 

1 

7.11 

3 

3.2 

106 

CaCO, 

1 

112.0 

50 

49 

98 

Ca,(P 04 ), 

0.5 

29.5 

5 

5 

100 

NaCl 


8.9 

5 

4.6 

92 

Calcium lactate 

0.5 

10.7 

5 

4.65 

93 


TjLBism IV 

Arudysis of Bone for Manganese Content 


Ration 

Weight of bone 


gtn. 

Low Mn 

2.40 

<< <4 

1.65 

41 44 

0.54 

44 44 

1.50 

44 14 

1.42 

44 44 

1.52 

Mn added 

0.97 

44 44 

1.88 

44 44 

1.68 

44 44 

1.42 

44 44 

1.86 

44 44 

2.07 


Mn found 

Mn per gm. bone 

mier4>gra9it« 

mierograms 

5.62 

2.34 

3.15 

1.92 

0.76 

1.42 

2.94 

1.96 

3.34 

2.35 

3.63 

2.89 

3.63 

8.74 

10.70 

5.70 

6.79 

4.04 

8.94 

6.31 

8.45 

4.54 

7.46 

3.60 
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Known amounts of manganese were added to the various sam- 
ples; the recoveries obtained are shown in Table III. 

Individual bone samples of chickens were analyzed for their 
manganese content. One group received a low manganese ration; 
the other the same ration plus 50 parts per million of added man- 
ganese. The results obtained are shown in Table IV. 

Preliminary determinations were made on the blood of chickens 
receiving the same rations as above, the results of which are as 
follows: 


Ration 

Weight of blood 

Mn found 

Mn per 100 gm. blood 


tm- 

fnierogramt 

mierogramB 

Low Mn 

44 

3.4 

8.00 

Added Mn 

37 

5.95 

16.00 


In all our work the Evelyn photoelectric colorimeter was used. 
Since some laboratories may not be equipped with this instru- 
ment, the applicability of the method was studied with the Dubosq 
‘Colorimeter. It was found possible to determine between 2 and 
15 micrograms of manganese with this instrument. This pro- 
cedure is neither as sensitive nor as rapid as with the use of the 
Evelyn photoelectric colorimeter. 

SUMMARY 

A method for the determination of 0.1 to 10 micrograms of 
manganese with the Evelyn photoelectric colorimeter has been 
described. Recoveries ranging from 92 to 106 per cent have been 
obtained. 
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RADIOACTIVE PHOSPHORUS AS AN INDICATOR OF 
PHOSPHOLIPID METABOLISM* 

V. ON THE MECHANISM OF THE ACTION OF CHOLINE UPON 
THE LIVER OF THE FAT-FED RAT 

By I. PPJRLMAN and I. L. CHAIKOFF 

(From the Division of Physiology of the Medical School, University of 
California, Berkeley) 

(Received for publication, October 31, 1938) 

One of the curious findings in lipid metabolism is the action 
of choline on fatty livers. Hershey (1) first showed that lecithin 
had a striking effect upon the liver of the depancreatized dog 
maintained with insulin, but it remained for Best and his coworkers 
(2, 3) to demonstrate that its action in reducing the fat content 
in the liver in this preparation as well as in the rat fed a high fat 
diet was due to its choline content. The curative and preventive 
action of choline upon the fatty liver of the depancreatized dog 
receiving insulin has been confirmed by Kaplan and Chaikoff (4), 
who have shown that its action in this respect is a slow one and 
that the daily feeding of large amounts for long periods is re- 
quired to produce measurable changes in the lipid content of the 
liver of the depancreatized dog. 

Despite the vast amount of work that has been done with 
choline, no direct experimental evidence has so far been provided 
to explain its action upon lipid metabolism, although a number 
of interesting speculations have appeared. The results of the 
present investigation indicate that choline definitely accelerates 
the synthesis and transfer of phospholipid by the liver of the 
fat-fed rat. This step in the intermediary metabolism of fat has 
been revealed with the aid of radioactive phosphorus, which has 
been previously used in this laboratory for identifying the rates 
of phospholipid turnover in various tissues of the intact animal 

* Aided by grants from Child Neurology Research (Friedsam Founda- 
tion) and from the Research Board of the University of California. 
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(5-8). This study again shows the values of the radioactive 
indicator in phospholipid metabolism, for the acceleration in 
phospholipid metabolism produced by choline, although definite 
enough when the phospholipid molecule is radioactively labeled, 
is of such a small order of magnitude as compared with the total 
phospholipid content of the tissue and lasts for so short a time 
that its detection by measuring the total phospholipid content 
of the liver would be extremely problematical. 

EXPERIMENTAL 

The results recorded in this study were obtained from individual 
analyses of 250 rats, the data of 160 of which are shown below. 
The high fat, low protein diet employed consisted of 40 per cent 
butter fat, 50 per cent glucose, 5 per cent extracted casein,^ and 
5 per cent salt mixture (9). Vitamin supplements were either 
added to the diet or fed individually to the rats. The vitamin B 
complex^ was furnished as a concentrate obtained from rice bran, 
which was supplemented with a clay rich in adsorbed vitamin G. 
A standardized cod liver oil supplied vitamins A and D. Rats 
were maintained on the diet for periods var)dng from 3 days to 3 
weeks before the administration of choline and radioactive phos- 
phorus. 

The animals were permitted access to food during the entire 
period of observation, which was not interrupted before or after 
the choline feeding. Radioactive phosphorus was administered 
subcutaneously as an isotonic solution of Na 2 HP 04 . Choline 
in the form of its chloride was fed by stomach tube. 

The livers and, in some cases, the small intestines were removed 
at various intervals after choline or phosphorus administration. 
Phospholipids were isolated from these tissues in the manner pre- 
viously described (5). The method by which the phospholipids 

^ The casein used in this study was extracted for several days with in- 
creasing concentrations of methanol, the final extraction being with 90 
per cent hot methanol for 1 day. 

2 Each rat received approximately 0.10 cc. of the vitamin B concentrate 
per day. This concentrate contained about 50 i. u. of vitamin Bi per cc. 
and 10 modified Bourquin-Sherman units of G (flavin) per cc. The same 
concentrate has also been shown to be a good source of both rat and chick 
antidermatitis factors (10). 
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were mounted and their radioactivity determined has also been 
noted elsewhere (6). 

Remits 

Action of Choline in Rats Fed a High Fat, Low Protein Diet 
for S Weeks — Twenty-four female rats were used in this experi- 
ment. After they had been maintained on this diet for 14 days, 
they were treated as follows: (A) Six rats received 25 mg. of 
choline chloride daily for 4 days. 3 mg. of labeled phosphorus 
in the form of an isotonic solution of NajHP 04 were injected 
subcutaneously at the same time that the last dose of choline was 
given. The livers of the animals were removed for analyses at 
6 and 16 hours after the last administration of phosphorus and 
choline. (B) Six rats were fed 25 mg. of choline chloride daily 
for 8 days, while the injection of 3 mg. of labeled phosphorus in 
the same form as above was made at the time of the last choline 
feeding. The livers were removed at 6 and 16 hours after the 
phosphorus treatment. (C) Twelve rats were used for controls, 
six for Group A and six for Group B. These received no cho- 
line, but the labeled phosphorus was injected subcutaneously 
in amounts equal to and at the same time as that received by their 
respective groups. 

The livers of these rats contained from 6.4 to 20.6 per cent 
total lipids (average 12.4 per cent) at the time they were examined 
for phospholipid activity. 

The amounts of labeled phospholipid found in the whole livers^ 
of control and choline-treated rats at two intervals (6 to 16 hours) 
after the administration of radioactive phosphorus are shown in 
Table I. At the 6 hour interval the content of labeled phospho- 
lipid in the livers of the choline-treated rats was definitely above 
that found in the control animals. This was true for the rats 
that received 25 mg. of choline chloride daily for 8 days as well 
as for those that received this amount daily for 4 days. Thus 
the mean values for the percentage of the administered phosphorus 
incorporated into liver phospholipid at the 6 hour interval were 

* In the present study the activities of whole livers instead of per gm. 
of tissue were compared. Animals were carefully paired according to 
weight and sex. 
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2.36 and 2.12 for Qrbups A and B respectively, whereas similar 
mean conversion values found in the livers of control animals 
were 1.63 and 1.48. Table I shows that the effect of choline 
is more pronounced 6 hours after being given that at 16 hours. 
At the latter period the differences between the choline-fed animals 
and controls may hardly be considered significant. 

Table I 

Effect of Choline on Phospholipid Metabolism of Fatty Livers 

The rats had received a high fat, low protein diet for 18 to 22 days at the 
time the livers were analyzed. 

Activity refers to per cent of administered labeled phosphorus found as 
phospholipid. 


Group A 

Choline-treated for 4 days 

Control 

Group B 

Choline-treat^ for 8 days 

Control 

Time 

killed 

after 

choline 

feeding 

Rat No. 

Activ- 

ity 

Rat 

No. 

Activ- 

ity 

Time 

killed 

after 

choline 

feeding 

Rat 

No. 

Activ- 

ity 

Rat 

No. 

Activ- 

ity 

hrt. 





hn. 


1 



6 

85 

2.12 

97 

1.70 

6 

91 

1.94 

103 

1.31 


86 

2.67 

98 

1.71 


92 

2.23 1 

104 

1.79 


87 

2.32 

99 

1.49 


93 

2.20 ’ 

106 

1.33 

■| 

Average 

2.36 


1.63 



2.12 


1.48 

% increase.. . 

46 




43 


16 

88 

1.89 

100 

1.73 

16 

94 

1.49 

106 

1.45 


89 

2.04 

101 

1.49 


96 

1.67 

107 

1.60 


90 

2.06 

102 

1.86 


96 

1.37 

108 

1.18 

Average 

1.98 


1.68 



1.48 


1.36 

% increase.. . . 

|18 




9 



Effect of Single Administration of Choline in Rats Fed a High 
Fat^ Low Protein Diet for S Days — In view of the above finding 
that four daily administrations of choline were as effective as eight, 
it was deemed advisable to study the effect of a single feeding 
of this substance upon phospholipid turnover. Sixteen female 
and eight male rats were* fed the high fat, low protein diet for 3 
days, and on the 4th day half of each group was given 3 mg. of 
labeled phosphorus and 30 mg. of choline chloride simultaneously. 
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The remaining twelve rats were given only the phosphorus. All 
twenty-four animals were killed 4 hours after the phosphorus 
administration. The results obtained from the radioactive phos- 
pholipid content, stated as a percentage of the administered labeled 
phosphorus, are shown in Table II. The average values for 
control rats were 2.15 and 2.31 per cent for female and male 
groups respectively. The corresponding choline-treated rats 

Table II 


Effect of Choline on Bate Fed Fat for Short Intervale 
Activity refers to per cent of administered labeled phosphorus found as 
phospholipid. 



Controls 

Cholino-treatad 


Rat No. 

Activity 

Rat No. 

Activity 

Females 

273 

2.12 

265 

3.04 


274 

2.05 

266 

2.58 


276 

2.25 

267 

2.90 


276 

2.27 

268 

2.61 


277 

2.41 

269 

2.85 


278 

1.84 

270 

2.50 


279 

2.19 

271 

2.53 


280 

2.07 

272 

2.68 

Average 


2.16 


2.71 

% increase.. , 




26 

Males 

291 

2.01 

281 

2.92 


292 

2.30 

285 

3.04 


295 

2.62 

286 

3.38 


296 

2.41 

287 

3.18 

Average 


2.31 


3.13 

% increase.. . 


1 


35 


showed average values of 2.70 and 3.16 per cent. Thus the 
differences between the livers of treated and untreated rats are 
comparable with the values observed at the 6 hour interval in 
Table I. 

Duration of Action of Choline — ^Two separate series, each con- 
taining forty female rats, were maintained on the high fat, low 
protein diet for 14 days, at the end of which twenty of each 
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group were fed 25 mg. of choline chloride daily for 3 successive 
days. On the 3rd day 3 mg. of labeled phosphorus were injected 
at the same time that the last choline feeding was made. 
Thereafter rats were killed for liver examination at the following 
intervals after the choline administration: 1, 3, 6, 12, and 24 hours. 
The results are shown in Fig. 1 on which each point represents the 
average value obtained from eight separate analyses for individual 
animals. The curves show in a striking manner that the action 
of choline in the acceleration of phospholipid formation in the 
liver takes place over a limited interval of time after choline 



Fig. 1. The duration of the action of a single dose of choline upon the 
phospholipid metabolism of the liver. The ordinates represent the per 
cent of administered labeled phosphorus in the phospholipid of the whole 
liver. obtained from rats fed choline chloride; O, from rats fed no 
choline chloride. Each point represents the average of eight separate 
liver analyses. 

administration. Practically no effect was demonstrated before 
1 hour. The maximum effect was found between 3 and 8 hours 
after the choline feeding, while at the 12 hour interval the phos- 
pholipid activity of the choline-treated rats approached that 
of the controls. 

In one series of forty rats the small intestines were also ex- 
amined for phospholipid activity. Although the choline-treated 
animals maintained a higher phospholipid activity for several 
hours after the choline feeding, the differences from the controls 
are not striking. 

Effect of Varying Choline Dosage upon Phospholipid Turnover — 
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Thirty-two rats were fed the high fat, low protein diet for 3 days 
and then treated as follows: all rats were injected with 3 mg. of 
labeled phosphorus but their choUne treatments differed; eight 
rats received no choline but the other three groups of eight rats 
each received 2, 10, and 30 mg. of choline chloride respectively; 
as in previous experiments, choline and phosphorus were ad- 
ministered simultaneously, and all animals were killed 4 hours 
later. The results are shown in Fig. 2. A definite relation be- 
tween the amount of choline fed and the level of newly formed 
phospholipid is brought out by these data. Thus, under the 
influence of 30 mg. of choline chloride, the livers obtained from 



Fig. 2. The effect of varying choline dosage upon phospholipid turnover 
in the liver. The ordinates represent the per cent of administered labeled 
phosphorus in the phospholipid of the whole liver. Each point represents 
the average of eight separate liver analyses. 

eight rata showed an average phospholipid activity of 4.0 per cent 
as compared with 3.5 for rats receiving 10 mg. each, 3.2 for those 
fed 2 mg. per rat, and 2.8 for those that received no choline. 

DISCUSSION 

As previously pointed out, the formation and destruction of 
phospholipid can be followed within the animal by means of a 
radioactive isotope of phosphorus (5-8). After entering, the 
labeled phosphorus becomes intimately mixed with similar un- 
labeled molecules, but since the ratio of labeled to unlabeled 
molecules would be difficult to obtain, it has not been found 
possible in this study to determine the total amount of newly 
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synthesiased phospholipid; i.e., the quantity formed from unlabeled 
plus labeled phosphorus. The values obtained for the synthesized 
labeled phospholipid during any interval, however, are directly 
proportional to the total amount formed during this period; hence 
for comparative studies (as regards different tissues within the 
same animal or the same tissue in different groups of animals) 
a measure of the labeled phospholipid synthesized is just as sig- 
nificant as the total phospholipid. Thus the higher labeled phos- 
pholipid values found in the livers of the choline-treated rats as 
compared with the untreated animals show that more rapid 
synthesis and transfer of phospholipid are occurring in the former 
than in the latter. 

Although the difference between the labeled phospholipid con- 
tent of the treated and untreated livers does not exceed 40 per 
cent at the height of the choline action, this difference nevertheless 
assumes considerable significance when it is recognized that 
phospholipid metabolism is a dynamic process in which the newly 
formed phospholipid is rapidly removed. The rapidity of the 
synthesis as well as of the removal of phospholipid from the liver 
has been stressed in previous reports from this laboratory in 
which it was shown that even in the fasted state the liver carries 
on a rapid phospholipid turnover (5). 

A point of fundamental importance is the relatively short 
interval during which the effects of a single administration of 
choline are demonstrable. It was found that a change in phos- 
pholipid activity begins approximately 1 hour after choline inges- 
tion and that its effect is greatly diminished or altogether absent 
about 10 hours later. The effect of choline upon phospholipid 
metabolism also depends upon dosage, for it was found that 
between the limits of 0 and 30 mg. of choline chloride there was a 
relation between the amount fed and the phospholipid response 
(Fig. 2). This provides further evidence for the specific action 
of choline upon phospholipid metabolism. 

Several mechanisms have been suggested to explain the actions 
of choline upon fatty livers. Best, Channon, and Ridout (11) 
consider it most probable that choline speeds up the oxidation 
of fatty acids by the liver itself. Others have attempted to 
show the presence of choline derivatives in liver phospholipid 
after their ingestion. Thus Welch (12) fed an arsenocholine and 
showed its presence in the liver phospholipid, whereas Channon 



I. Perlman and I. L. Chaikoff 


219 


et al (13), who fed a triethylchoUne, failed to identify this in the 
phospholipid isolated from the liver. Such studies, however, 
cannot shed light on the mechanism of the action of choline, for 
at most they can show that dietary choline enters into phospho- 
lipid formation. There is no reason to believe that the organism 
distinguishes between exogenous and endogenous choline every 
time a new phospholipid molecule is being formed. The inclusion 
of fed choline or one of its derivatives in the phospholipid 
depositied in the liver, while of interest to anyone studjdng their 
fate in the body, cannot yield information on the rate of phos- 
pholipid turnover by the liver, much less show comparative rates 
before and after choline treatments. 

The fate of two substances remains to be considered: the 
choline administered and the additional phospholipid formed under 
the influence of choline. In regard to the former, it should be 
stressed that, while choline stimulates phospholipid metabolism, 
it does not necessarily follow from the evidence provided here 
that the increased amount of phospholipid S3mithesized by the 
liver occurs at the expense of the fed choline. Moreover, while 
it would not be profitable to speculate, with our present knowledge, 
upon the ultimate fate of the increased amount of labeled phos- 
pholipid formed under the influence of choline, it has nevertheless 
been shown above that it does not remain in the liver for long. 
It is either broken down (utilized) in the liver or transferred to 
some other tissue. 

We are indebted to Professor E. O. Lawrence and members 
of the Radiation Laboratory for the preparation of the radio- 
active phosphorus that made this study possible. Assistance 
was also furnished by the Works Progress Administration. 

SUMMARY 

1. The rate of phospholipid turnover was compared in the 
livers of choline-treated and untreated rats with the aid of a radio- 
active isotope of phosphorus. 

2. It is shown that choline speeds up phospholipid metabolism 
in the liver. An increased formation as well as a rapid removal 
of phospholipid was found in the livers of rats after the ingestion 
of choline. 

3. The time during which a single administration of choline 
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speeds up the phospholipid metabolism has been defined. An 
increased phospholipid metabolism appears approximately 1 hour 
after choline ingestion and its effect has disappeared by about 
10 to 12 hours thereafter. 

4. The increase in phospholipid formation is proportional to 
the amount of ingested choline (between the doses of 0 and 30 mg. 
of choline chloride per rat). 
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SPECIFIC AND NON-SPECIFIC CELL POLYSACCHARIDES 
OF A BOVINE STRAIN OF TUBERCLE BACILLUS* 
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(From the Department of Medicine^ College of Physicians and Surgeons ^ 
Columbia Universityf and the Presbyterian Hospital^ New York) 

(Received for publication^ June 10» 1938} 

In previous communications (1~3) the writers have reported 
on the complex mixture of polysaccharides extracted from defatted 
ceUs of a human strain, H-37, of the tubercle bacillus. The 
cell polyTaaccharides of bovine strain, M-1698,^ have now been 
fractionated in similar fashion by methods in which the use of 
alkali, mineral acid, and heat is avoided. As difficulties were 
occasioned by the presence of large amounts of polysaccharides 
which did not react with available sera, details are given for 
modifications of the earlier procedure. 

EXPERIMENTAL 

570 gm. of dried, defatted, and ground bovine bacilli, Strain 
M-1698, were percolated with dilute acetic acid containing 0.5 
per cent of phenol. After about 3 months 72 liters of percolate 
were collected; extraction was then continued for about 1} years, 
during which an additional Sj5 liters of percolate were obtained. 
The two portions were worked up separately as Lots 530 and 531. 
As in the human type preparation (3) all precipitations were 
repeated until material of lower and higher solubilities than the 

* The work reported in this communication was carried out under a 
grant from the Research Committee of the National Tuberculosis Associa- 
tion, Dr. Wm. Charles White, Chairman, and in part under the Harkness 
Research Fund of the Presbyterian Hospital, New York. 

t National Tuberculosis Association Fellow. 

1 We are indebted to the Mulford Biological Laboratories of Sharp and 
Dohme, Glenolden, Pennsylvania, Dr. John Reichel, Director, for the 
tubercle bacilli and anti-human, bovine, and timothy strain horse sera 
used. 
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fraction taken was eliminated. The by-products obtained in 
this way were added to the appropriate fractions. 

Many of the fractions of Lot 530 contained strongly colored 
impurities, removal of which was often quite difficult. The 
following procedure was usually found effective 2 gm. or less of 
the carbohydrate were dissolved in 3 ml. of water and 1 ml. of 
saturated copper acetate solution was added, followed by methyl 
alcohol in 1 ml. portions until flocculation began. After addition 
of 1 ml. more of methyl alcohol and short standing the suspension 
was centrifuged ; the supernatant fluid and two washings with 60 per 
cent methyl alcohol were poured either into an excess of glacial 
acetic acid or into acetone containing glacial acetic acid and LiCl. 
This precipitated the carbohydrate and left most of the Cu** in 
solution. Residual copper was removed by solution in a little 
water, addition of 3 volumes of glacial acetic acid containing 
2 per cent LiCl, followed by addition of 30 volumes of acetone. 
This process was repeated until the product contained less than 
0.004 mg. of copper, as shown by the absence of yellow color in 
the supernatant fluid. The copper-precipitable portions from 
Fractions Bi, B2, and B3 (Flow Sheet III) were combined, freed 
from copper, and isolated as Fraction B4 (Table I). 

Lot 630 

The separation of the principal crude fractions, C, B2, and Bi, 
corresponding to those obtained from the human strain (3), is 
indicated in Flow Sheet I. 

Fraction 630 C — Unlike the corresponding human type carbo- 
hydrate, this product not only gave a portion, Ci, precipitable 
at 80 per cent acetic acid concentration, but also contained 
large amounts of more soluble material, precipitable at higher 
concentrations of acetic acid (Flow Sheet II). 

Fractions 630 Bi and B 2 — The treatment given these crude 
portions of the bovine carbohydrate mixture is indicated in 
Flow Sheet III. 

The yields and properties of the various final fractions are 
included in Table I. 

Carbohydrate Fractions Soluble in Strong Acetic Acid {Flow 

’ For another modification of this procedure and isolation of a pigment 
•ee below. 



Tabus I 

Properties of Final Polysaccharide Fractions of Bovine Strain M~169S of 

Tubercle Bacillus 


Precipitin tests after centrifugation are given in parentheses. 


Fraction No. 

Yield 

lalo 

[alt4M 

Neutral 

•qtdv- 

alttit 

N 

P 

Pentoee 

Ino- 

•ite 

Pptn. at 
1:%.000 
dilution 
with Serum 
6807-L 


gm. 

degree* 

degrsM 


eerU 

per 

cant 



I 

530 Cl 

7.0 










(0.14) 

+83 

+104 

800 





-(+) 

Cib* 

(S.6) 

+92 

+108 

1500 

0.1 

5.9 

+ + 

— 

-(-) 

Cta 

0.01 

+107 

+131 

1200 


4.6 



=fc(+d=) 

Ctb 

0.40 

+86 

+102 

1300 

0.7 

5.0 

+ + + 

=fc 

±(+) 

Cu 

1.72 

+96 

+114 

4500 

0.2 

5.1 

+ + + 

— 

-(+±) 

Ctd 

0.20 

+92 

+111 

2500 

0.7 

4.3 

++=t 


-(+±) 

Cjd' 

0.07 

+95 

+114 

1400 

0.7 

7.0 

db 

+ 

-(-) 

c,. 

0.98 

+91 

+111 

1200 

0.4 

4.8 

+ 

— 

±(+±) 

c„ 

0.52 

+97 

+115 

1500 

0.6 

6.1 

zk 

— 

-(+) 

c,. 

1.49 

+96 

+116 

1200 

0.6 

6.3 

+ + 

— 

-(-?) 

Cib 

0.45 

+98 

+117 

1200 

0.6 

6.1 

+ d= 

— 

-(-) 

C>0 

0.15 

+98 

+118 

1100 

1.1 

6.4 

+ 

— 

-(-) 

C 4 . 

0.66 

+91 

+110 

1500 

0.9 

6.1 

+ 

+ 

-(-) 

C4b 

1.86 

+97 

+115 

3100 

0.0 

6.1 

— 

— 

-(-) 

B, 

0.49 

+94 

+106 

3300 

0.4 

3.7 

+ + + 


±(+±) 

B, 

0.72 

+87 

+101 

5700 

0.2 

2.1 

+ + + 

— 

+(+±) 

B,* 

0.40 

+92 

+110 

2500 

1.0 

4.8 

db 

+ 

-(-) 

Bi 

0.70 

+51 

+63 

5000 

0.2 

2.6 

+ + 

— 

+(++) 

B,C 

3.48 

+92 

+108 

1000 

0.2 

6.3 

+ + 

— 

-(-) 

B,C 

3.28 

+90 

+107 

1000 

0.2 

6.1 

— 

— 

-(-) 

B,C 

0.14 

+96 

+116! 

2500 

0.3 

6.0 

— 

rfc 

-(-) 

BiC 

0.32 

+102 

+123 

1600 

0.0 

5.7 

db 


-(±T) 

B 4 

0.12 

+62 



2.6 

4.6 

+ + + 

db 

-(+±) 

681 C, 

2.22 

+85 

+101 

2100 

0.1 

1.8 

+ + 

— 

+± 

c. 

0.29 

+74 

+86 

2300 

0.8 

2.4 


— 

+ (+±) 

c# 

0.04 

+54 

+64 

900 

4.2 

2.8 



±(+) 

Bit 

0.37 

+65 


2600 

1.5 

1.4 

+ + + =fc 

=b 

+± 


0.18 

+58 

+68 

3600 

0.4 

2.2 

+ + 

— 

+± 

Bi 

0.40 

+21 

+25 

4200 

0.3 

1.3 

+ + + 

— 1 

+ (++) 

B,C 

1.73 

+89 

+106 

1900 

0.2 

2.1 

+ + ± 

— 

~(+±) 

B,C. 

0.43 

+57 

+69 

2600 

0.3 

2.2 

+ + + + 

— 

+ (++) 

BiC 

0.42 

-8 

-11 

5300 

0.1 

1.3 

+ + 

— 

+ (++) 


* Only an aliquot portion was fractionated, 
t Basic ash, as Ca, 0.8 per cent. 



Flow Sheet I 

Separation of Three Main Fraciiona of Carbohydrates from Bovine Tubercle Bacillus Cells 

Lot 530 extract, concentrated in vacuo 
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* In unsuccesaful attempts to remove colored impurities a small serologically inactive fraction, B 2 ' , was found soluble 
in 02^ per cent EtOH. 



Flow Sheet II 

Separation of Material C {Flow Sheet I) into Component Portione 




Flow Sheet III 

Separation of Fractions B% and B\ (Flow Sheet I) into Component Portions 
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The underlined fractions showed relatively high serological activity, a light line indicating Lot 530, a heavy line indi- 
cating Lot 531. 
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Sheet I ) — Inorganic phosphates were removed with uranyl acetate. 
As all of the fractions from this material were serologically in- 
active or only slightly active in the antisera available, details 
of their isolation are omitted. The designations (Table II) 


Table II 

Properties of Bovine Tubercle Bacillus Carbohydrate Fractions Soluble tn 
Strong Acetic Add 


Only Fractions 631 Illb and IVa gave positive precipitin reactions at 
1:600,000 dilution and higher. The parentheses indicate precipitation 
after centrifugation. 


Fraction 
No. I 

Yield 

i 

(alo 

i 


Neutral 

equivalent 

N 

P 

Pentoee 

Ino- 

site 

I^tn. at 
1:50.000 
dilution 
with Serum 
6807-L 


am. 

degree 

dtgtM 


per 

Cent 

percent 




530 Ila 

0.98 

+62 

+76 

800 

0.7 

3.8 

1 ± 

+ 

-(±) 

lib 

2.20 

+90 

+108 

1600 

0.6 

4.5 

- 

— 

+ (++) 

lie 

0.09 

+76 

+92 

1900 

1.3 

2.0 

- 

db 

+(++) 

Ilia 

11,22 

+64 

+60 

1600 

1.5 

2.6 

- 


-(±) 

Illb 

2.74 

+68 

+73 

1600 

1.9 

2.3 

+ 


-(+±) 

IIIc 

0.63 

+70 

+79 

1300 

2.8 

2.0 

+ 

- 

-(±) 

IVa 

2.28 

+40 

+48 

2700 

2.2 

1.0 

1 + 

- 

-(-) 

IVb 

0.18 

+19 

+24 

4600 

1.9 

0.6 

— 

— 

-(-) 

V 

6.49 

+16 

+19 

2200 

2.9 

0.6 

- 

[ - 

-(-) 

VI 

4.32 

+2 

+3 

6600 

0.9 

Trace 

- 

— 

-(-) 

VII 

0.10 

+3 


1000 

3.4 

(f 

+ + 


-(-) 

631 II 

0.09 

+77 

+90 

600 

0.7 

4.7 

+ 

- 

+(+±) 

Ilia 

1.63 

+64 

+65 

3400 

2.2 

2.8 

+ 

+ 

+± 

Illb 

0.64 

+40 

+49 

4200 

3.4 

2.1 

+ + + 

zb 

++ 

IVa 

0.33 

+27 

+33 

1600 

2.9 

1.3 

+ + + 


++± 

IVb 

l.lli 

+16 

+18 

1200 

7.5 

1.1 i 

- 

1 

+(+±) 

V 

0.10 


-16 

2600 

8.2 

0.8 

+± 

+ 

+(+±) 

VI* 

2.81 

+3 

+4 

3100 

1.6 

Trace 

““ 

- 

-(±) 

Via 

0.14 

+1 

+1 

Very high 

0.2 

None 

— 

— 

-(-) 


* Basic ash, as Ca, 19.1 per cent. 


correspond roughly to those of analogous products from the 
human strain except that Fraction VI was soluble in absolute 
methyl alcohol (with precipitation of accompanying salts) and 
was precipitated with acetone. 
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Lot SSI 

This material, from the 66 liters collected after the first per- 
colation, was handled according to the same general scheme as 
Lot 630. Unless otherwise stated, corresponding fractions bear 
the same designations. A portion soluble in about 10 volumes 
of alcohol (Fraction 531 A) was combined with Fraction 630 A 
(Flow Sheet I). 

Fractions Precipitable with Strong Acetic Acid — The alcohol- 
precipitable part was divided into a portion precipitable at an 
acetic acid concentration of about 97 per cent and a portion 
soluble at this concentration. The former material was separated, 
much as in Flow Sheet I, into Fractions C, B2, and Bi. Fraction C 
was resolved as in Lot 530 (Flow Sheet II) into Ci, C2, and Ca; 
a C4 fraction was not obtained. Fraction B2 was separated 
into the final B2 and Baa, both soluble in 80 per cent acetic acid, 
the former precipitable, the latter soluble, at 90 per cent methyl 
alcohol concentration. The 80 per cent acetic acid precipitate 
yielded Fractions B2C and BaCa, the former precipitable, the latter 
soluble, at 75 per cent methyl alcohol concentration. From Frac- 
tion Bi no portion insoluble in 80 per cent acetic acid was ob- 
tained; Fraction BiC was precipitable at 87.5 per cent acetic acid 
and Bi was precipitated from the supernatant by excess ace- 
tone. Copper acetate treatment was unnecessary, as was also 
the extensive subfractionation carried out on Lot 530 because of 
excessive amounts of serologically inactive components. The 
yields and properties of these fractions are recorded in Table I. 

Carbohydrates Soluble in Strong Acetic Acid — The separation of 
these fractions, which correspond to Fractions II to VII of Flow 
Sheet I, was also effected much as for Lot 530. Fraction VI was 
in this instance precipitated from absolute alcoholic solution 
with a moderate amount of acetone, while Fraction Via resulted 
from the addition of much acetone. The yields and properties 
of these fractions are recorded in Table II. The supernatants of 
Fraction Via yielded only a small amount of ether-soluble oil. 

Fractions from Combined SolvUons^ 630 A and 581 A {Flow Sheet I) 

Both alcoholic solutions were highly colored and contained sero- 
logically active carbohydrates, which were further fractionated 
with alcohol after concentration in vacuo to about 20 ml. A 
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portion, Fraction Ai, was precipitated with about 4 volumes of 
alcohol. The brown supernatant was treated with a freshly 
prepared mixture of equal parts of saturated aqueous and alcoholic 
copper acetate solutions until no further flocculation occurred; 
a total of 25 ml. was necessary. The precipitate, Fraction A2, 
was centrifuged off and the supernatant, Fraction As, was freed 
from copper with K4Fe(CN)6. Fraction A2 was suspended in 
about 30 ml. of 1.5 n acetic acid and dialyzed against water, 
washed with water and acetone, and dried in vacuo. This product 
appears to be one of the pigments of the bovine tubercle bacillus. 
After isolation it is insoluble in water and common organic 
liquids but is somewhat soluble in dilute acetic and sulfuric acids 
and in 5 per cent NaOH. It dissolves with a deep brown color 
in 50 per cent H2SO4 arid in strong NaOH; the solutions give 
negative Molisch and biuret tests. The pigment contained 18 
per cent of nitrogen (micro-Kjeldahl) and 0.3 per cent of phos- 
phorus; spectrophotometric examination showed no selective 
absorption. 

Fraction Ai in 50 per cent alcohol also yielded some of the 
copper-precipitable pigment, Fraction Ag. Fractions Ai and Aj 
gave portions precipitable with alcohol at 80 per cent concentration 
(Fractions Ai* and A3). Fractions soluble at this concentration 
but precipitable at about 95 per cent alcohol concentration were 
combined as Fraction Aib. The supernatants from Aib gave a 
fraction, A4, on addition of 3 volumes of acetone. The supernatant 
from this, concentrated in vacuo to dryness, taken up in methyl 
alcohol, and precipitated with about 10 volumes of acetone in 
the presence of LiCl, yielded Fraction A^. The supernatant 
from this was evaporated, taken up in 20 ml. of absolute ethyl 
alcohol, and precipitated with 150 ml. of absolute ether; the 
supernatant from this, Fraction Ae, yielded a residue. Fraction A7. 

The outside liquids from the dialyses contained extremely 
small amounts of material which were discarded. 

Chemical Properties 

The 3rields and properties of the fractions are summarized in 
Tables I to III. Basic ash was seldom determined owing to the 
presence of phosphorus. Fractions 630 Ha and 631 II contained 
about 0.3 per cent of inorganic phosphate; this was absent or 
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present otily in traces in the other fractions. Inosite was found 
in some of the fractions by the Scherer test. Pentoses were 
roughly estimated by a modification of the Neumann test (5). 

Fraction 531 Ci was not markedly opalescent, as was the 
corresponding human fraction, 530 C, which yielded magnesium 
palmitate after treatment with alkali. However, the bovine 
fraction became turbid after several hours in alkaline solution 
and also deposited a white substance which was not further 
investigated. 


Table III 

Properties of Bovine Tubercle Bacillus Fractions Originally Soluble in 

Strong Alcohol 


Only Fraction Ai. gave precipitin reactions at dilutions of 1:600,000 
and higher. 


1 

Fraction No. 

Yield 

lain 

Ial«4«a 

Neutral 

eouiv- 

alent 

N 

P 

Pentoee 

Ino- 

aite 

[Precipitin 
teat at 
l.fiO.OOO 
dilution 
with 
Serum 
5807>L 


gm. 

■ 

degrett 

degree* 


per 

cent 

per 

cent 




530-531 Ai. 

0.71 

+49 


16,000 

1.8 

2.0 

+ + + 

+ 

+++ 

Alb 

1.29i 

+25 

+32 

6,200 

3.8 

0.7 

+ + 

— 

+± 

A., 










pigment 

0.12 




18.0 

0,3 




A,* 

2.63 

+39 

+61 

6,100 

3.2 

0.9 

+ 

— 

+± 

A. 

1.16 

+7 



5.9 

0.7 

+ ± 

- 

±(+) 

A. 

6.31 

-2 


11,000 

1.8 

0.6 


— 

-(-) 

A. 

0.26 

-7 


2,000 

6.9 


+ + + + 


-(-) 

Ar 

0.48 

-2 


i 

9.0 


+ + t i 


-(-) 


* Basic ash, as Ca, 7.7 per cent, 
t -f-h+'f at Line 36 of the spectroscope scale. 


Serological Properties of Principal Fractions 

The qualitative serological tests were carried out as described 
previously (3). All of the principal fractions were tested with 
anti-H-37 strain horse serum No. 5807-L, anti-bovine strain 
rabbit sera, an anti-bovine strain goat serum,® and an anti-bovine 

* Furnished by Dr. Kenneth C. Smithburn of The Rockefeller Institute 
for Medical Research. 
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strain horse serum. The bovine type antisera were, unfor- 
tunately, weak in anticarbohydrate. As no evidence of a bovine 
type-specific substance was encountered, details of these tests 
are omitted. In the anti-human strain horse serum No. 5807-L 
the principal active fractions gave positive tests at dilutions of 
1:2 million and 1:4 million; to emphasize differences between 
active and inactive material the reactions are recorded only at 
1 : 50,000 and 1 : 500,000 in Tables I to III. Heterologous reactions 
were also observed with an anti-timothy bacillus horse serum and 
an anti-avian S strain rabbit serum. Qualitative cross-reactions, 
as well as quantitative determinations with Fractions 530 C 2 c, 
531 Cl, and, for comparison, the human strain polysaccharide 
Fraction 520 C, were conducted (Table IV) according to previous 
descriptions (3). For the analyses 3.0 ml. of serum were used in 
duplicate and all manipulations were carried out in the cold, 
the tubes being allowed to stand for 3 days after the addition of 
amounts of polysaccharide indicated by preliminary tests. The 
second absorption with the same polysaccharide, as well as the 
cross-absorptions with Fraction 520 C, was run on aliquots from 
the supernatant fluids; the nitrogen precipitated was calculated 
to the original serum volume. 

DISCUSSION 

It is evident from the experimental data that the carbohydrate 
extracted from the defatted cells of a bovine strain of the tubercle 
bacillus consists of an even more complex mixture of serologically 
active and inactive polysaccharides than was obtained from the 
H-37 human strain (3). Glycogen was again encountered {cf. 
(6, 3)), as well as far larger amounts of pigment and serologically 
inactive material than were extracted from the human type cells. 

The qualitative and quantitative tests summarized in Table IV 
show that the serological specificities of the bovine fractions do not 
differ essentially from those of the polysaccharides of the human 
type cell. The same two independently specific polysaccharides 
are present, as is also material combining both specificities. Thus 
the anti-human strain (H-37) horse serum No. 5807-L, after 
absorption with Fraction 531 Ci, gave definite precipitin reactions 
with the bovine Fraction 531 Bi and the corresponding human 
fraction No. 520 The absorbed serum also precipitated the 



232 


Polysaccharides of Tuberde Bacillus 


bovine Fractions 631 B 2 , 630 Bi, and 630 Bj, and the human Frac- 
tion 520 Baa, in none of which it had been possible to separate the 
specificities characteristic of the B and C fractions. Never- 
theless, the possibility of minor differences between the C fractions 
of human and bovine origin was indicated by the weak reaction 
given by this serum (absorbed with Fraction 531 Ci) with the 
human Fraction 520 C.^ Similar considerations apply to the 


Table IV 


Qualiiaiive CrosB-Reactions with Absorbed Anti-H-S7 Horse Serum 6807~L 
and Quantitative Tests with S.O Ml. of Unabsorbed Serum 


Fraction No. 

Serum absorbed with 

Amount 
of fraction 
used for 
each 

quantita- 
tive pptn. 

N pptd. 
by first 
addition 

N pptd. 
by second 
addition 
of same 
fraction 

N ^td. 
by Frac- 
tion 620 C 
from 
aliquot 
after first 
absorption 

Fraction 681 Ci* 

Fraction 
631 Bi 




mg. 

mg. 

mg. 

mg. 

631 C, 

-(-) 

-(+±) 

0.15 

0.24 

0 . 02 t 

0 . 02 t 

B, 


-(-) 





BiCt 

4 .( 4 . 4 .) 

-(-) 





B, 

+(++) 

-(+) 





530 Ci. 

-(-) 

-(+) 

0.30 

0.25 

0.03t 

0.04t 

B, 

+(+±) 

-(-) 





B, 

+(++) 

-(+) 





Human type 


I 





620 C 

-(+) 

-(+±) 

0.15 

0.28 

0 . 02 t 


B,.' 

++ 

-(±) 





Bu 

+±(++±) 

-(+±) 






* Similar results were obtained by absorption of Serum 5807-L with 
Fraction 530 Ca«. 

t Calculated to 3.0 ml., the original volume. 

X In one experiment this fraction absorbed all the anticarbohydrate from 
Serum 5807-L; in another experiment weak reactions remained with Frac- 
tion 531 Cl and human bacillus Fractions 520 C and 520 Bsa. 


independently specific B fractions, as shown by the results with 
Serum 8807-L absorbed with Fraction 531 Bi (Table IV). 

The principal differences between the human and bovine 
material lay in the distribution of the fractions carrying these 
specificities (Table V). About 53 per cent of the active poly- 

^ Similar minor differences are also indicated by the quantitative data 
in Table IV. 
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saccharides isolated from the acetic add-predpitable portions 
of the two bovine preparations were accounted for as C fractions 
(precipitabk by methyl alcohol at about 66 per cent concentration) 
and only about 47 per cent as B fractions (soluble at 66 per cent 
methyl alcohol concentration). In the human preparation, on 
the other hand, the content of B fractions was about 7 times 
that of the C fractions. 

Of the inactive substances isolated from the bovine cells, two 
were strongly dextrorotatory and exceedingly difficult to separate 
from the serolo^cally active high rotating portion. Fraction C. 
Both contained organic phosphorus but differed greatly in their 


Tabub V 

Proportion of Serologically. Active and Inactive Polyeaccharide Fraetione 
Extracted from Human and Bovine Type Tubercle Bacillua Celle 


1 

Lot No. 

Total yield 

Total active 
material 

Total inac- 
tive material 

Propor- 
tion of 
active 
material 
in total 
carbo- 
hydrate 

620 (huxnan type) 

gm, 

38 

p*r 

cent* 

6.3 

gm. 

33 

per 

cent* 

6.6 

gm. 

6 

per 

cent* 

0.8 

8.8 

percent 

87 

630 (bovine) 

66 

9.8 

6 

1.0 

60 

11 

631 ( “ ) 

13 

2.3 

7 

1.2 

6 

1.1 

64 

630, 631 A 

13 

2.3 

1 

0.2 

12 1 

2.1 

g 

Total for bovine fractiona 

82 

14.4 ; 

14 

2.6 

68 ! 

12.0 

17 



* Of defatted tubercle bacillua cells. 


solubilities. One of these inactive substances, precipitable at 
80 per cent acetic acid concentration, was the principal component 
of Fractions 530 BaC, BtC, Bj'C, and BiC, and was analogous to 
the inactive material encountered in the human preparation 
(Fractions 620 BjC and BiC (3)). The other product, soluble 
at 96 per cent acetic acid concentration, was isolated as Fractions 
530 Cte and C«„ and was found only in the bovine strain. If this 
phosphorylated carbohydrate occurs in all strains of bovine 
origin, and only in these, it would serve to characterize these 
strains chemically. Although most of the acetic acid-soluble 
fractions of the human preparation were serologically active, 
the corresponding fractions of bovine origin were generally in- 
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active. One of these inactive fractions, 630 VI, showed unusual 
solubility in methyl alcohol and absolute ethyl alcohol, this 
highly hygroscopic substance was almost optically inactive and 
contained no phosphorus or pentose. The Molisch test was 
positive only up to a dilution of 1:5000, while in the other acetic 
acid-soluble fractions the Molisch test was distinct up to a dilution 
of about 1:50,000. Fractions 531 VI and 530 As showed similar 
behavior. These products, also, were not encountered among 
the human cell polysaccharides. It is conceivable that more 
potent antisera than were available for this investigation would 
contain antibodies to some of these fractions which appear to be 
serologically inactive but chemically specific for the bovine strain, 
as opposed to the human strain. 

A compilation is given in Table V of the yields and distribution 
of active and inactive fractions isolated from the bovine and 
human type tubercle bacillus cells. While about 87 per cent of 
the polysaccharide fractions obtained from the human strain 
were found to be strongly active serologically, only 17 per cent of 
the total carbohydrate mixture of bovine origin showed sero- 
logical activity sufficient to give a weak positive reaction with 
Serum 5807-L at a dilution of 1:500,000. The total extractable 
carbohydrate content of the bovine type cells was more than 
twice that of the human strain cells. In the bovine preparation 
most of the inactive material accumulated in the first percolate 
(Lot 530), but even in the second percolate (Lot 531) the active 
material did not approach the high percentage in the human type 
extract. The acetic acid-precipitable portion of Lot 531 yielded 
only active fractions (c/. Table I). Even Fractions 531 B 2 C and 
BiC were serologically active and a portion corresponding to 
530 C 4 was not encountered. Moreover, the acetic acid-pre- 
cipitable, serologically active fractions of Lot 531 were much 
lower in phosphorus than the corresponding fractions of Lot 530. 
Since the inactive fractions associated with the serologically 
active, acetic acid-precipitable fractions of this lot were found 
to be high in phosphorus, the presence of this element in an active 
fraction might be taken as indicative of contamination with 
inactive material. The behavior of the polysaccharides of the 
human type cell also supports this conclusion, for Fraction 620 
B 2 C, which was high in phosphorus, was found to be serologically 
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inactive, wWle active fractions such as 620 C or 520 Bj were 
low in phosphorus. 

The possibility that most of the fractions consisted of mixtures 
of active and inactive material discouraged closer chemical study. 
Tests were made, however, for pentose and inosite. The latter 
was reported by Anderson and his coworkers (7-10) in carbo- 
hydrate material isolated from lipids of tubercle bacilli. Inosite, 
however, occurred in very few of our fractions and therefore 
appeared unrelated to their serological activity. On the other 
hand, all serologically active fractions tested were found to con- 
tain pentose, seventeen of nineteen active fractions exhibiting a 
strong to very strong pentose reaction (-l-4-to4- + +in Tables 
I to III). The inactive fractions were usually either free from 
pentose or contained very little, twenty-six of thirty-six fractions 
giving no test or only a weak pentose reaction (— , it, or + in 
Tables I to III). (For the occurrence and significance of pentose 
in tuberculin polysaccharides from human and bovine strains 
cf. (11).) 

Since many of the serologically inactive fractions precipitated 
antiserum at the higher concentrations, some of the stronger 
pentose tests in these fractions were undoubtedly due to the 
presence of active material. It seems reasonable to conclude, 
therefore, that the principal serologically active bovine fractions 
contain pentose as an essential component, in line with the 
actual isolation of d-arabinose from the corresponding fractions 
of the human strain (3). 


SUMMARY 

1. The polysaccharides extracted from the cells of a bovine 
strain, M-1698, of tubercle bacillus proved to be a more complex 
mixture of serologically active and inactive carbohydrates than 
was obtained from the human strain, H-37. Most of the material 
was serologically inactive. 

2. The specific polysaccharides showed the same specificities 
as did those of the human t3rpe. Two independently specific 
polysaccharides were isolated, as well as carbohydrate combining 
both specificities. 

3. Serologically inactive constituents consisted of at least 
two different strongly dextrorotatory, phosphorus-containing car- 
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bohydrates and one phosphorus-free substance with little optical 
activity. The latter and one of the phosphorylated polysac- 
charides were not found in the human Strain H-37. 

4. Evidence is given that the serological activity of the bovine 
polysaccharides is connected with the presence of pentose, as 
in the human type strain. 
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WALDEN INVERSION 

XXI. THE HALOGENATION OF AROMATIC CARBINOLS. 

ROTATORY DISPERSION OF AROMATIC CARBINOLS 
AND CORRESPONDING BROMIDES'^ 

By P. a. LEVENE and ALEXANDRE ROTHEN 

{From the Laboratoriee of The Rockefeller Inetitute for Medical Reeearch, 

New York) 

(Received for publication, October 25, IdSS) 

In recent years many efforts have been made aiming to define 
the conditions of the reaction of substitution which lead to in- 
version of configuration (Walden inversion). The investigations 
in this direction of Polanyi et of Olson,* of Hughes, Ingold, 
et al} are most outstanding. 

Polanyi et al, and Olson came to the conclusion that all reactions 
of substitution by a negative group or ion are connected with 
inversion of configuration. On the other hand, Hughes, Ingold, 
et al, envisaged three possibilities for substitution by a negative 
ion: inversion, racemization, and retention of configuration, de- 
pending on the mechanism of the reaction. Reactions which fol- 
low kinetically a bimolecular course are always connected with 
inversion; those following a monomolecular course may be con- 
nected with inversion, racemization, or retention, the inversion 
always being associated with extensive racemization. These 
conclusions were accepted also by Steigman and Hammett.^ 
The concluding lines of the paragraph in which Hughes, Ingold, 

♦The two papers (Levene, P. A., Rothen, A., and Kuna, M,, /. Biol, 
Chem,, 120, 777 (1937); 121, 747 (1937)) are Papers XIX and XX of the 
series on Walden inversion. 

•Meer, N., and Polanyi, M., Z. pht/$ik. Chem., Aht. B, 19, 164 (1932). 
Bergmann, E., Polanyi, M., and Saabo, A. L., Tr. Faraday Soe., 88, 843 
(1936). 

* Olson, A. R., /. Chem. Phyeic., 1, 418 (1983). 

* Cowdrey, W. A., Hughes, E. D., Ingold, C. K., Masterman, S., and 
Soott, A. D., J. Chem. Soc., 1262 (1937). 

* Steigman, J., and Hammett, L. P., J. Am. Chem. Soc., 69, 2636 (1987). 
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et al, discussed the three possibilities, read as follows: ^'Since nega- 
tive mechanism substitutions are always nucleophilic and bi- 
molecular, there is agreement as to these with Meer and Polanyi^s 
theory; and, of course, with Olson^s/' Indeed, so strong is the 
belief of the English group of investigators in their conclusions 
that often when kinetic data were missing the mechanism of 
reaction was formulated not from kinetic data but from the direc- 
tion of rotation of the product of the reaction. 

The halogenation of secondary carbinols having a phenyl group 
attached to the asymmetric carbon atom presents a peculiarity of 
behavior, since Levene and Mikeska® found that the two lower 
homologues of the series (methyl- and ethylphenylcarbinols) 
formed, on halogenation with hydrogen bromide, a bromide rotat- 
ing in opposite direction from the carbinol, whereas the higher 
homologues under identical conditions formed bromides rotating 
in the same direction. 

For the halogenation of these carbinols, Hughes, Ingold, et al. 
postulated three mechanisms. 


\ 

COH- 

\ 

— » C \H - 

/ / 

Cl 

\ 

» C — Cl -f- HjO (monomolecular) 

/• 

(retention) 

\ 

COH — 

\ + 

-» COH* + Cl- 

/ 

— > Cl — C + H»0 (bimolecular) 

\ 



(inversion) 


C + OH, + Cl - 

/ ■ 

/ 

— ► Cl — C -h HjO (monomolecular) 



(predominating 


inversion) 

Two mechanisms result in inversion and one in retention of 
configuration. Satisfactory data on the kinetics of these reactions 
do not exist. 

In an attempt to obtain data for the study of the kinetics of 


* Levene, P. A., and Mikeska, L. A., J, Biol. Chem., 70, 355 (1926). 
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such substitutions, three levorotatory carbiiiols, methyl-, ethyl-, 
and propylphenylcarbinols, were halogenated with hydtogen 
bromide at different temperatures. These three carbinols are 
configurationally related on the following grounds. Previous 
experience had shown that in a series of compoimds of the type 

Ri 

I 

H— C— X 

I 

Ri 

homologous with respect to Ri or R«, the sign of the partial rota- 
tion of a definite absorption band of the group X remains the 
same throughout the series; for example, the partial rotation of the 
aldehydic absorption band® at X 2950 in a series of aldehydes of the 
type 

CH, 

I 

H— C— CHO 

1 

(CHO.CH, 

has the same sign throughout the series. The rotatory dispersion 
curves of the three carbinols are of the same type and there can 
be no doubt that these three compounds are configurationally 
related when of the same sign of rotation, this being true also for 
the three corresponding bromides. 

The results of the observations on bromination are summarized 
in Fig. 1, where the molecular rotations of the resulting bromides 
are plotted against the temperature of reaction. The magnitudes 
of the rotations have been calculated on the basis of the reported 
maximum rotations of the carbinols (see the experimental part). 

It can be seen that the three curves follow a parallel course, 
the principal difference being that the curve of the highest hom- 
ologue does not cross the axis of zero rotation. For all three 
curves there is observed a shift of rotation towards the right as the 
temperature of reaction is lowered from room temperature to 
about —15®. The curves of the first two members show a maxi- 
mum dextrorotation at —28® and the third curve a minimum 
levorotation in the vicinity of —20®. For temperatures lower 

* Levene, P, A., and Rothen, A., /. Chem, Phyne*, 4 , 48 (1986). 
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than —36® the rotations of all three bromides are ne^tive, the 
reaction of bromination then proceeding predominantly without 
inversion.’ It is noteworthy that between —30® and —60® the 
variation in the rotations of the three halides obtained as a func- 



®C. -60 -60 -40 -20 0 +20 


TempoPAtupe of bporoination 

Fig. 1. Influence of temperature of bromination on the molecular rota- 
tion of the bromides obtained. 

tion of the temperature of bromination is very large. It is es- 
pecially striking for the second homologue, since a highly dextro- 

Levene, P. A., Rothen, A., and Kuna, M., /. BioL Chem,, 180, 777 
(1937). 




P. A. Levene and A. Rothen 


241 


or a highly levorotatory bromide can be obtained by var3ring the 
temperature of bromination by only a few degrees. 

It is also noteworthy that the temperature of inversion (tem- 
perature of bromination at which an inactive bromide is ob- 
tained) is the same for both methyl- and ethylphenylcarbinols; 

—36®. 

It can be seen from Fig. 1 that between —60® and —80® there 
is observed only a small increase in the rotations of all three 
halides. 

It is probable that the maximum values of the three bromides 
are only slightly greater than the valu^ found at —80®. The 
following maximum values can be estimated. 

Methylphenyjibromomethane, IMJbJlLene * 
Ethylphenylbromomethane, — 140® 

Propylphenylbromometbane, — 160® 

The apparently opposite behavior in bromination of propyl- 
phenylcarbinol from the other two lower homologues when the 
bromination is carried out at room temperature is then self-ex- 
planatory in view of these curves. 

The low values of the dextrorotations compared to the levo- 
rotations are due not to racemization in the ordinary sense, but 
actually to the independent formation of the two enantiomor- 
phous substances, (Incidentally, the bromides, once formed, do 
not suffer racemization at temperatures below 0®.) Racemization 
occurs only at higher temperatures. The increase in levorotation 
of propylphenyl bromide connected with the increase of the tem- 
perature of bromination from —20® to room temperature argues 
against racemization being responsible for the character of the 
curves at temperatures below +20®. 

At temperatures around —30®, substitution without inversion 
reaches a minimum; for both higher and lower temperatures, 
substitution without inversion is on the increase. Hence there 
undoubtedly exist two different mechanisms for the reaction with- 
out inversion. One of these begins abruptly at —30® and con- 
tinues towards a lower temperature. The reaction with inver- 
sion undoubtedly proceeds by a third mechanism. 

Definite evidence as regards mechanism exists only for the reac- 
tion at the lowest temperature, which proceeds through an addition 
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product. Whei^ HBr is added to ethylphenylcarbinol at —80®, for 
example, a white crystalline mass is obtained which melts and 
decomposes sharply at —20®, a liquid bromide being formed in- 
stantly with separation of water. In the case of propylphenyl- 
carbinol, the addition product decomposes at about —15®. If 
this crystalline compound is warmed rapidly to room temperature, 
its decomposition into halide and water takes place violently. 
When HBr is added to ethylphenylcarbinol at —30® it can be 
observed that, in addition to the solid compound, a liquid bromide 
is also formed. The addition product decomposes when the tem- 
perature is raised above —20®. The lower the temperature, the 
smaller the amount of liquid halide formed directly. In other 
words, for temperatures lower than —30® the amount of carbinol 
brominated according to the addition product mechanism becomes 
all the more important as the temperature is lowered. 

Nothing definite can be said about the molecular structure of 
the addition compound. It is not impossible that the hydrogen 
bond complex postulated by Hughes, Ingold, et al, corresponds to 
this substance. 

For temperatures above —20®, formation of this addition com- 
pound is no longer observed and hence it is justified to assume that, 
at higher temperature, bromination proceeds by other processes. 
It follows that substitution with retention of configuration is ac- 
complished by two different mechanisms. 

Consequently the mechanisms postulated by Hughes, Ingold, 
ei al. do not suflice to explain the observed phenomena, since, of 
the three mechanisms postulated by this group of investigators, 
only one proceeds with retention of configuration, whereas the 
present observations point to two mechanisms connected with 
retention. 

The statement of the above authors that, ^There can be no 
doubt that, for all aliphatic, as well as the simpler aromatic, sec- 
ondary alcohols, inversion is the rule,” should be restricted to 
the saturated aliphatic compounds. 

In this connection it may be stated that at the very low tem- 
peratures simple aliphatic carbinols do not react even with 
hydrogen iodide gas. Tertiary carbinols have not yet been tested. 

Furthermore, it must be stated that these effects of tempera- 
ture on the reactions here described do not appear when the reac- 
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tion of substitution is carried out in a solvent (aliphatic carbinols, 
ether, and benzene having been used as solvents). It appears 
from Table I that, in solution, bromination of propylphenylcar- 
binol follows the same course as that of the lower homologues. 
In all cases, whatever the temperature of bromination, the reac- 
tion proceeds with Walden inversion. 

Table I 


Bromination of Carbinols in Solution by Means of HBr 


Carbinol 

3 1 
8 

8 

» 

t i 

S 

5 

1 

Temper- 
ature of 
bromina- 
tion 

Solvent 

Concen- 

tration 

Bromide 

m 

f| 

i 

Ethylphenyl- 

deifree* 

-37.7 

•c. 

-50 

Ether 

u 

0.150 

Ethylphenyl- 

dtgrte* 

+79.4 

carbinol 

<1 

-37.7 

-80 

Ethyl al- 

0.156 

bromo- 

methane 

a 

+135 

Propyl phenyl- 

-69.4 

-10 

cohol 

Ether 

0.167 

Propylphcnyl- 

+60 

carbinol 

K 

-69.4 

-80 

it 

0.142( 

bromo- 

methane 

<1 

+88 


SUMMARY 

Evidence has been presented to show that in the absence of a 
solvent at least three dififerent mechanisms take place in the for- 
mation of the halide from a secondary carbinol having a phenyl 
group attached to the asymmetric carbon atom (regardless of the 
size of the aliphatic radicle attached to the same carbon atom). 
The relative importance of each of the three mechanisms is a 
function of temperature. At low temperatures, for all three 
phenylcarbinols examined, the reaction proceeds with retention of 
configuration entirely through the intermediate step of an addi- 
tion product. 

EXPERIMENTAL 

The samples of the three carbinols, methylphenyl-, ethylphenyl-, 
and propylphenylcarbinols, were highly resolved, thus assuring a 
high degree of purity. They were carefully fractionated and the 
constancy of the index of refraction of the different fractions was 
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observed. Methylphenyl- and ethylphenylcarbinols crystallized 
readily in solid carbon dioxide-alcohol mixture and propylphenyl- 
carbinol crystallized immediately at room temperature. 

Hydrobromic acid gas was prepared in an all-glass apparatus by al- 
lowing 100 per cent phosphoric acid to react with dry KBr.® The 
gas was dried at —30°, passed through a tube filled with copper 
turnings, and condensed at —80°. It was then twice distilled 
and stored under pressure at 2 atmospheres in a 5 liter flask. 

For each bromination experiment, a sample of about 0.1 gm. 
of carbinol was placed in a flask of roughly 50 cc. capacity which 
was sealed directly onto a glass line connedted with the hydro- 
bromic acid reservoir. The flask was then evacuated (oil pump 
and mercury diffusion pump) and cooled to the appropriate tem- 
perature in a mixture of solid carbon dioxide-alcohol contained in a 
Dewar flask equipped with a stirring device. The small amount 
of carbinol used as compared with the surface of the vessel was 
advantageous to maintain a constant temperature. An excess of 
hydrobromic acid gas was introduced very slowly, the rate being 
measured with a mercury manometer. At the end of the reaction, 
the flask was evacuated to remove the excess of hydrobromic acid 
and then brought to room temperature. The exact amount of 
HBr introduced was measured by the increase in weight. 

It was found that a larger amount of hydrobromic acid was 
absorbed than that required by the stoichiometric equation, al- 
lowance being made for the very slight amount dissolved in the 
products of reaction. At room temperature, 1.12 moles of HBr 
were consumed for 1 mole of carbinol and when the reaction took 
place at —80°, the equivalence was 1.04 moles of HBr for 1 mole 
of carbinol. 

The reaction was, of course, heterogeneous, HBr gas reacting 
with the carbinol either in the solid or liquid phase. 

No study was made of the rate of the reaction, sufficient time 
being allowed to insure complete reaction. At room temperature 
the reaction was completed in a minute or so; at —80° half an 
hour was suflScient to produce complete bromination. For propyl- 
phenylcarbinol at least, the total reaction proceeded faster at 
—80° than at —40°, only 80 per cent of carbinol being brominated 
at —40° in half an hour. 

• Murray, W. J., J, chim. physiq,, 16| 344 (1917). 
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As soon as the reaction was completed, the contents of the reac- 
tion flask were dissolved in bensene, dried rapidly with drierite, 
and filtered. The volume was made up to 6 cc. and the rotation 
measured in a 2 dm. tube. The benzene solution was then washed 
with a cold solution of KHCOt and dried with drierite. The 
benzene was removed by distillation and the halide distilled in a 
micro flask in a high vacuum (oil pump and mercury diffusion 
pump), the temperature of the heating bath being 35® for the 
lowest and 46® for the highest homologue. About 0.08 gm. of 
halide was generally isolated when the sample of carbinol was 


Tabls II 

Some Bromination Experimenta 


Amount 

Tem- 
pera- 
ture of 
bro- 
mina- 
tion 

Before 

distillation 

Isolated bromide 

®*7I0 


Amount 



c 

found 

H 

fotind 

n» 

n 

Levo-ethylphenylcarbinol 

gm. 

•c. 

degree* 

degree* 

gm. 

degree* 

degree* 

percent 

per cent 


0.1180 

-80 

-3.644 

-4.228 

0.0436 

-0.986 

-1.138 

54.35 

5.67 

1.5487 

0.1010 

-40 

-1.079 

-1.262 

0.0396 

-0.335 

-0.389 

54.23 

5.58 

1.5487 

0.1042 

-36 



0.0124 

4-0.062 

-fO.072 

54.31 

5.61 


0.1049 

-25 

4-1.371 

4-1.585 

0.0527 

4-0.487 

4-0.564 

54.28 

5.67 

1.5488 

0.1056 

0 

4-0.686 

4-0.787 

0.0540 

4-0.256 

4-0.299 



1.5487 


Levo-propylphenylcarbinol 


0.0999 

-80 

-4.140 

1 

8 

0.0408 

-1.216 

-1.413 

57.01 

6.30 

1.5408 

0.1275 

-25 



0.0747 

-0.167 

-0.193 

56.82 

6.20 

1.5408 

0.0994 

-10 

1 


0.0406 

-0.072 

-0.084 

56.44 

6.14 

1.5410 

0.1260 

0 

-0.559 

1 

0 

1 

0.0802 

-0.246 

-0.282 



1.5408 


about 0.1 gm. This amount was sufficient for the determination 
of rotation, index of refraction, and for combustion. Whatever 
the temperature of bromination, the halides obtained were homo- 
geneous, the index of refraction being constant to dbO.0002. The 
rotations were taken for two wave-lengths, X 5780 and X 5460. 
The theoretical value of the ratio of the rotations ocun/othim 
(1.160 for propylphenylbromomethane and 1.157 for ethylphenyl- 
bromomethane) was observed in each case, within experimental 
error. 

A few examples of bromination experiments have been summa- 
rized in Table II. 
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In the earlier stage of the work, the benzene solution was dried 
overnight at 12® before isolating the halide but it was found that 
some racemization then occurred. If the halide were isolated a 
few hours after the reaction had been completed, the molecular 
rotation of the isolated halide was identical with that determined 
on the total product of reaction. (In fact, the rotation was 
slightly higher, 5 to 10 per cent, this being in agreement with the 
slight excess of hydrobromic acid absorbed, if one assumes that 
the products of the unimportant side reaction were not optically 
active.) 

As already mentioned, the values of [MJstso given in Fig. 1 
have been based on the values assumed for the maximum rotations 
of the carbinols which are as follows: 


Methylphenylcarbinol,* [alsssa *“ 43.4® 
Ethylphenylcarbinol,'® [a Ism 27.7® 
Propylphenylcarbinol,“ (a Ism * 43.6° 

We redetermined the rotatory dispersion of methylphenyl- 
carbinol and propylphenylcarbinol. The dispersion of the latter 
compound was determined on two different samples prepared by 
two different syntheses. The data were consistent within experi- 
mental error and appreciably different from the values given by 
Kenyon and Partridge. Special care was taken to have maxi- 
mum precision in these determinations. Sodium arc, helium arc, 
and mercury arc were used as sources of light. Photographic ob- 
servations were made for X 4358 and X 4046. Accuracy is believed 
to be ±0.002® for the yellow and green light and ±0.01® for the 
violet region. Those samples whose dispersions are re[)orted in 
Table III were used for the bromination experiments. 

From the figures given in Table III and from the [MJsms values 
assumed, the following simple equations were obtained to express 
the maximum molecular rotations in the visible spectrum, maxi- 
mum deviations of 0.3 per cent occurring only in the region X 4000. 

• Houssa, A. J. H., and Kenyon, J., J. Chem, <S»oc., 2260 (1630). 

Pickard, R. H., and Kenyon, J,, J. Chem, iSoc., 106, 1116 (1914). We 
wish to correct an error in this article giving [alJgQg « 25.86®, a value 
also recorded by Lowry (Lowry, T. M., Bureau of Standards, Misc, Puh, 
118 (1932)). 

Kenyon, J., and Partridge, S. M., /. Chem, Soc,t 128 (1936). 
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Methylphenyloarbinol, - . , „ 

A* — {),Wb60 

14 92 

Propylphenylcarbinol, [M]Snrt«. - ^ 

The maximum values of propylphenylcarbinol in benzene solu- 
tion are 14 per cent greater t^n in heptane and the dispersion 
constant has the value 0.0345. 

Tablb hi 


Rotatory Diaper aion of Phenylcarbinola in Homogemoiu State, I •• 10 Cm, 


Compounds 

n* 

D 


8f 

«!«• 

. 

•‘am 

“mu 


“mu 





degr—9 

dsgrgsB 

degrsM 

d$gr€t 

Methylphenyl- 
carbinol 

1.5253 

-82.470 


-83.966 

-88.753 

-67.21 

-81.49 

Ethyl phenyl- 
carbinol 

1.5180 



-23.413 

-26.660 



Propylphenyl- 
carbinol in 

1 


\ 





heptane* 

1 


-13.7191 

-14.240 

-16.170 

-27.236 

-32.53 


* Concentration, 0.7259 u, I ^ 40 cm. 


Tablb IV 


Rotatory Diaperaiona in Homogeneoua State of PhenyUUkylhalogenomathanea 


Oompounds 

d» 

n“ 

D 

% 

“mt. 

n 

“wio 

“mw 

» 

“41M 





dggrM* 

d€0re09 

dsorsM 

d^grMt 

d«greu 

Ethylphenylbromo- 
methane, 1 10 cm . . 


1.5493 

50.953 

53.121 

61.602 

117.71 

149.96 

Propyl phenylmono- 
methane, 1 — 10 cm . . . 

1.263i 

1.5413 

15.358 

16.006 

18.542 

35.28 

44.94 

Ethylphenylchloro- 
methane, / 20 cm . . . 

1.034t 

1.6196 

40.348 

42.018 

48.370 

88.554 

110.56 

Propylphenylchloro- 
methane, 1 « 10 cm. . . 

0.9904 

1.5132 

5.319 

5.525 

6.349 

11.55 

14.30 


The rotatory dispersion of two of the bromides has been deter- 
mined and, as already mentioned, the practical identity of the 
dispersidn constants of a one Drude term formula, xj = 0.071 for 
ethylphenylbromomethane and Xj = 0.070 for propylphenyi- 
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bromomethane, indicates that the compounds are configuration- 
ally related when they have the same sign of rotation. 

4 

5 


3 


2 

log e 
2 


1 


1 


0 

Fiq. 2. Absorption spectra of halides. The log of the molecular extinc- 
tion coefficient is plotted against the wave-length. 

Similarly, the dispersion constants of the corresponding chloro 
derivatives are very close, the lower homologue, as in th^ case of 
the bromides, having a slightly greater value (xj = 0.0697 for 
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ethylphenylchloromethane and Xj = 0.0678 for propylphenyl- 
chloromethane). 

The dispersion data have been siunmarised in Table IV. 

Absorption curves can be seen in Fig. 2. The solvent used for 
all compounds was heptane. 

The curves for the two chloro derivatives are not so close as 
might have been expected, but it should be remembered that these 
substances are very unstable towards ultraviolet light; therefore 
we do not consider these discrepancies to be significant. 

Some resolution of the absorption region X 2620 to X 2500 of the 
phenyl group is apparent in the carbinols but has practically dis- 
appeared in the chloro and is unobservable in the bromo deriva- 
tives. 

This absorption region is not anisotropic in the case of the car- 
binols and the chloro derivatives, as is apparent from the rotatory 
dispersion data. 

On the contrary, it would seem from the value of the dispersion 
constant of the bromo derivatives (Xj cv 0.070) that this absorp- 
tion region is anisotropic in that case, but it should not be for- 
gotten that the dispersion curve is of the t 3 T)e represented by two 
Drude terms of opposite sign (as is already apparent from the 
dispersion data in the visible region, the calculated value of 
a 40 M being larger than the observed value of cnau). The position 
of the first active absorption band is probably much lower in the 
wave-length scale than X 2600. 




ENZYMATIC DEPHOSPHORYLATION OF DESOXYRIBO- 
NUCLEIC ACIDS OF VARIOUS DEGREES OF 
POLYMERIZATION* 

By GERHARD SCHMIDT, E. G. PICKELS, and P. A. LEVENE 

(From the Lahoraioriee of The Rockefeller Institute for Medical Research, 

New York, and the Laboratories of the International Health Division, 

The Rockefeller Foundation, New York) 

Plate 4 

(Received for publication, October 11, 1938) 

It has been observed^ that the rate of enz 3 nnatic hydrolysis 
of thymonucleic acid differs very considerably for different 
samples. Inasmuch as it was known that small changes in the 
methods of preparation might affect the degree of polymerization 
of the resulting product, it seemed desirable to investigate the 
effect of enzjnnes on nucleic acids which were known to differ in 
the degree of their poljnnerization. 

Four types of thymonucleic acid were selected for the experi- 
ments. The types differed in the methods of their preparation; 
namely, those prepared according to Hammarsten,* Neumann* 
(modified by Feulgen®), Levene,® and Feulgen^ (enzymatic), 
respectively. 

To date, molecular weight data of a fair degree of accuracy exist 
only in the case of the acid of the first type, leading to a molecular 
weight of approximately 1 million.® To this information are now 

* The term ^^phosphatase’’ is used in this paper for the sake of brevity. 
It is self-evident that the material contains a complex of enzymes. 

1 Levene, P. A., and Dillon, R. T., J. Biol, Chem,, 88, 753 (1930). 

* Schmidt, G., Enzymologia, 1, 135 (1936). 

* Hammarsten, E., Biochem, Z., 144 , 383 (1924). 

* Neumann, A., Arch, Anat. u. Physiol,, Physiol, Ahi,, 374 (1898); suppl., 
562 (1899). 

» Feulgen, K., Z, physiol, Chem,, 90, 261 (1914). 

* Levene, P. A., J, Biol, Chem,, 441 (1^2). 

’ Feulgen, K., Z, physiol, Chem,, 288 , 105 (1936). 

* Signer, R., Casperason, T., and Hammarsten, E., Nature, 141 , 122 
(1988). Astbury, W. T., and Bell, F., Nature, 141 , 747 (1988). 
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added data concerning the sodium salts of the second and fourth 
types. Of these two, the former sedimented with a blurred bound- 
ary, indicating particles of molecular weights ranging from about 
50,000* to at least 1 or 2 million, while no appreciable sedimenta- 
tion could be observed with the latter. Thus the descending order 
of polymerization is (1) th 3 rmonucleic acid of Hammarsten, (2) 
that of Neumann, (3) that of Levene, and (4) that of Feulgen (by 
the enzymatic process). 

It has now been found that the increase in the degree of enzy- 
matic dephosphorylation follows the same order, Hammarsten’s 
material being the most stable. When purified enzyme was em- 
ployed, no dephosphorylation of this acid was observed even when 
the duration of the experiment was extended to 4 hours, whereas 
the duration of the experiment with the nucleic acids of the other 
types was limited to 1 hour. The highest degree of dephos- 
phorylation was observed with the material obtained by the enzy- 
matic method of Feulgen. 

The slight degree of dephosphorylation observed on treatment 
of Hammarsten^s nucleic acid with crude intestinal extract was 
undoubtedly due to the presence in it of a certain amount of ^‘de- 
polymerase.” In harmony with this assumption is the observa- 
tion that nucleic acids of low degree of polymerization are de- 
phosphorylated to approximately the same degree by the crude 
or purified enzymes, whereas those of the highest degree of poly- 
merization are dephosphorylated by the crude enzyme only. 
The observation that the samples of higher degree of polymeriza- 
tion exhibit no inhibitory action on the dephosphorylation of the 
acids of lower degree of polymerization is likewise- in harmony 
with the view that dephosphorylation of Hammarsten^s nucleic 
acid by the crude enzyme is to be attributed to the presence of 
a depolymerase. 

In the light of the present observations, a new interpretation 
should be given to Schmidt’s* earlier observation that the enzymatic 
dephosphorylation of nucleohistone is enhanced by preliminary 
digestion with pancreatin. The earlier explanation postulated a 
hydrolysis of the nucleohistone into histone and nucleic acid prior 
to dephosphorylation. This assumption should be revised in 

* As discussed later in the text, this figure represents the minimum 
possible molecular weight. 
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favor of the depolymerizing effect of pancreatin on the nucleic 
acid. This interpretation is also in harmony with the observation 
that only pancreatin (and not purified tr3rpsin) enhances the 
enzymatic dephosphorylation of nucleahistone. 

EXPERIMENTAL 

Methods 

Determination of Phosphoric Acid — The trichloroacetic acid fil- 
trate of the digestion product was made alkaline by means of am- 
monia, precipitated with Mathison^s^® magnesia mixture, and the 
phosphoric acid determined according to the method of Embden.^^ 

Preparation of IrUestinal Enzyme — Glycerol extracts from calf du- 
odenum and jejunum, prepared according to the method of Klein, 
were employed as starting material for the purification of the en- 
zyme. About 80 per cent of the glycerol was then removed by 
dialysis through cellophane in a cold room at 10® (1000 ml. of 
extract against 10 volumes of distilled water which was changed 
three times, the time of dialysis being 15 to 20 hours). 

Following this stage of the preparation, two different procedures 
were found suitable for obtaining the phosphatase free from the 
depolymerase. 

Procedure A — The dialyzed extract was concentrated under 
diminished pressure to one-tenth of its volume and again dialyzed 
overnight to remove the glycerol. When the dialyzed solution 
was kept for several hours at room temperature, a precipitate 
(which contained the larger part of the phosphatase activity) 
settled out. The sediment was centrifuged, washed once with 
water, and dissolved by suspending it in water and carefully 
adding a few drops of dilute ammonia. This solution kept its 
activity at 0® for 2 days. 

Procedure B — To each 1000 ml. of the dialyzed extract were 
added 100 to 150 ml. of an aluminum hydroxide suspension, drop- 
wise with vigorous stirring. The procedure was ended when a 
sample of the centrifugate gave only a slight opalescence with 
trichloroacetic acid. After removal of the aluminum hydroxide 

» Mathiaon, Q. C., Bioehem. 4 , 233 (1909). 

Embden, O., Z. physiol, Chem,, 118, 138 (1921). 

Klein, W., Z. physiol. Chem., 207, 125 (1932). 
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by centrifuging, the supernatant liquid was concentrated under 
diioinished pressure to one-tenth of its volume and again dialyzed 
for a few hours in order to remove the remaining glycerol. This 
solution, which retained 60 to 80 per cent of the original phos- 
phatase activity, was used for the experiments. 

The aluminum hydroxide suspension was prepared by adding 
ammonium hydroxide solution to a 5 per cent solution of aluminum 
sulfate at boiling temperature. The precipitate was washed until 
the supernatant liquid turned slightly opalescent. 

Remarks — Procedure B is similar to the method of Schaffner 
for the preparation of yeast phosphatase.^® 

For large scale preparation of the enzyme, the use of glycerol 
involves the inconvenience of dialyzing large volumes of liquid. 
However, in the absence of glycerol, aqueous solutions of phos- 
phatase were found to be unstable. 

Test for Phosphatase Activity — 5 cc. of a 2 per cent sodium 
thymonucleinate solution, 1 cc. of approximately n ammonia- 
ammonium acetate buffer (pH 9.0), and 2 cc. of the enzyme solu- 
tion were mixed and diluted to a volume of 20 cc. At the end of 
the incubation, 5 cc. of a 20 per cent solution of trichloroacetic 
acid were added. An aliquot part of the filtrate was used for the 
phosphors determination. 

Table I contains the results of six series of experiments, each 
series having been repeated several times with the same results. 
The enzyme solutions used in individual series differed in their 
method of preparation but the identical enzyme solution was used 
for all substrates investigated in any one series. 

Series 1 — The enzyme used was a suspension of fresh mucosa in 
2 per cent sodium bicarbonate solution (1:6). 

10 cc. of 1 per cent solution of sodium nucleinate + 1 cc. of the n 
buffer solution -j- 2 cc. of magnesium acetate (1 per cent) + 5 cc. 
of enzyme suspension were allowed to digest 1 hour at 37®. 

Series 2 — The enzyme used was the precipitate obtained accord- 

i^Schaffner, A., Bauer, E., and Berl, H., Z, physioL Chem,, 282, 213 
(1936). 

The lack of adsorption affinity towards aluminum hydroxide seems 
to be a property characteristic of the alkaline phosphatase, since enzyme 
preparations from such different sources as intestine, liver, and yeast show 
the same behavior in this respect. 



Schmidt, Pickels, and Levene 


255 


ing to Procedure A. Digestion was as in Series 1. The amount 
of enzyme was equivalent to that in Series 1 (calculated for fresh 
mucosa). 


Table I 


Effect of Phosphataae Preparations on Various Types of Thymonueleic Acid 


Beriet 

No. 

PhotphaiaM 

Subetrate* 

Prelaaaed 





per ceni 





from 




mg. 

total P 
in tub- 





Btrate 

1 

Crude 

Thymonueleic acid (H.) 

0.73 

12.2 



(N.) 

1.17 

17.0 



" “ (L.) 

1.46 

22.3 




3.60 

57.6 



Glycerophosphate 

4.41 

63.0 

2 

Purified 

Thymonueleic acid (H.) 

0 i 

0 



“ (N.) 

0.60 

8.3 



» » (L.) 

1.43 

21.6 



** (F.) 

2.94 

46.8 



Glycerophosphate 

4.00 

67.7 

3 

** in absence 

Thymonueleic acid (H.) 

0 

0 


of Mg 

** ** (N.) 

0.75 

10.9 



(F) 

3.66 

57.3 

4 

Purified 

‘‘ (H.) 

0 

0 



‘‘ (F.) (repre- 

5.23 

83.2 



cipitated) 



5 

tt 

Thymonueleic acid (H.) 

0 




Same after digestion with pan- 

4.6 




creatin 



6 

Crude (dialyzed gly- 

100 mg. thymonueleic acid (H.) 

0.22 



cerol extract) 

100 “ “ “ (F.) 

2.30 




100 ‘‘ “ (H.) 

2.22 




-f 100 mg. thymonueleic acid 
(F.) 





100 mg. thymonueleic acid (H.) 

3.44 




4- 50 mg. glycerophosphate 




* The letters H., N., L., and F. in parentheses represent Hammarsten’s, 
Neumann’s, Levene’s, and Feulgen’s thymonueleic fccid respectively. 


Seriea S — ^The enzyme used was the precipitate obtained accord- 
ing to Procedure A, 10 oc. of the enzyme solution corresponding 
to 2.6 cc. of glycerol extract. 
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6 cc. of 2 per cent sodium nucleinate solution + 1 cc. of the 
buffer solution + 10 cc. of enzyme solution were allowed to digest 
1 hour at 40®. 

Series 4 — Feulgen^s nucleic acid was reprecipitated from a 20 
per cent solution by adding a sufficient amount of 20 per cent 
hydrochloric acid and i volume of 95 per cent alcohol. The pre- 
cipitate was washed and then dissolved in water by neutralization 
with sodium hydroxide. Precipitation of the sodium salt was 
accomplished by adding 4 volumes of 95 per cent alcohol. The 
conditions of the experiment were as in Series 3; duration, 2 hours 
at 40®. 

Series 6, Depolymerization of Hammarsten^s Thymonucleic 
Acid — 5 gm. of nucleinate were dissolved in 100 cc. of 1 per cent 
pancreatin solution (Merck). The solution was incubated 2 days 
at 37°. The reaction product was precipitated with 500 cc. of 
95 per cent alcohol. Yield, 4.5 gm. (The precipitate was no 
longer fibrous.) It was reprecipitated as in Series 4. 

The enzyme used was dialyzed glycerol extract, purified by 
treatment with volume of aluminum hydroxide suspension. 
The conditions of the experiment were as in Series 3 ; duration, 3 
hours at 37®. 

Series 6 — The enzyme used was dialyzed glycerol extract (the 
amount in each sample corresponding to 0.7 cc. of crude extract). 
The conditions of the experiment were as in Series 2. 

Sedimentation Experiments 

The sedimentation of Feulgen^s and of Neumann’s nucleic acids 
in the form of their sodium salts was investigated in the analytical 
ultracentrifuge of Bauer and Pickels.^*^ 

0.05 per cent solutions of the sodium nucleinates were used, to 
which 1 per cent sodium chloride was added to minimize elec- 
trical influences. The sedimentations were recorded photo- 
graphically by the light absorption method of Svedberg, ultra- 
violet light (2636 A.) being used for the illumination. Each 
solution was subjected to a mean centrifugal force 210,000 times 
gravity at 54,000 r.p.m. for 35 minutes. 

As shown by the photographs in Pig. 1, the molecules of Feul- 

« Bauer, J. H., and Pickels, E. G., /. Exp. Med., 65, 666 (1937). 
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gen’s nucleic acid were apparently so small that no appreciable 
sedimentation occurred. As illustrated in Fig. 2, however, the 
particles of Neumann’s nucleic acid sedimented quite readily, 
although at varying rates. A comparison of Figs. 1 and 2 sug- 
gests a manifold difference in the average molecular weights of the 
two types of nucleic acid. This conclusion is in agreement with 
the observations that Neumann’s nucleic acid shows a considerably 
higher viscosity and a great tendency to gelatinize. 

The very blurred appearance of the sedimenting boundary for 
Neumann’s substance (Fig. 2) is most probably due to a wide 
range of particle size. The majority of the particles sedimented 
at rates lying between 8 and 100 X 10~^* cm. per sec. per dyne, the 
minimum rate being far better defined than the maximum. These 
values indicate, in accordance with Stokes’ law, that the smallest 
molecules of Neumann’s sodium nucleinate have a molecular 
weight of at least 50,000^® and that some of the particles have 
molecular weights considerably above 1 million. The actual 
weights, which may be considerably greater, could not be com- 
puted, since information regarding the shape or diffusion coeffi- 
cients of the particles is not available. 

Nothing definite can be stated about the molecular weight of 
Feulgen’s nucleinate. The fully depolymerized substance has a 
molecular weight of 1341. 

Because of the very strong absorption of ultraviolet light by 
the nucleinates, their sedimentation in concentrations above 0.05 
per cent was not investigated. Whether an increase in the con- 
centration would lead to an association of particles remains an 
open question. 

For estimating these molecular weights from centrifugal data, 
it was necessary to determine the approximate density of sodium 
nucleinate particles in water. This was done by the pycnometer 
method for Hammarsten’s, Neumann’s, and Feulgen’s substances. 
In each instance, the amount of residual water present in the stock 

In a preliminary note (Schmidt, G., and Levene, P. A., Science^ 88 , 
172 (1938)), a rough estimate of the minimum molecular weight was given 
as 200,000. For this calculation the density was taken to be approximately 
the same as that of most proteins and sugars; namely, 1.3 to 1.4 gm. per cc. 
Our own recent determinations, as given in the text, indicate a higher 
value for the density of the nucleinates. 
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material, which had been prepared by desiccating at room tem- 
perature, was determined by (hying a sample to constant weight 
at 110®. With all three preparations a density value of ap- 
proximately 2 gm. per cc. was found for the dry material (Ham- 
marsten's nucleinate 2.15 gm. per cc., Neumann^s nucleinate 1.76 
gm. per cc., Feulgen’s nucleinate 1.81 gm. per cc.). The high 
values for the densities of the sodium nucleinates are in agreement 
with the general behavior of sodium salts as compared with that 
of the corresponding free organic acids. The densities of solu- 
tions of the free nucleic acids in water cannot be determined be- 
cause of their insolubility. 

However, we have estimated the density of a 1 per cent solution 
of th 3 anonucleohistone and obtained the value of 1.41 gm. per cc. 
which is only slightly higher than the density of most proteins 
(1.33 gm. per cc.). 


SUMMARY 

1. Sedimentation studies revealed that sodium desoxyribo- 
nucleinate prepared by different methods shows a range of molec- 
ular weights approximately between 1500 and above 1 million. 
The acid prepared by Neumann's method consists of a mixture of 
substances of varying degrees of polymerization. 

2. Native desoxyribonucleic acid is not dephosphorylated by 
purified intestinal extracts. 

3. Desoxyribonucleic acid, depolymerized by Feulgen's method 
and further purified, is dephosphorylated by crude and by puri- 
fied enzyme to approximately the same extent. 

' 4. Desoxyribonucleic acid containing a considerable proportion 
of native nucleic acid is dephosphorylated to different degrees by 
crude and purified enzyme. 

5. The state of polymerization of desoxyribonucleic acid can be 
appraised by determining its reaction to pure and crude intestinal 
extract. 

6. It is not as yet known whether the variations in the stability 
of the nucleic acids as a function of degree of polymerization are to 
be attributed to differences in their susceptibility to the action of 
phosphatase or of pol 3 niucleotidase. This point will be made the 
topic of a separate study. 
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Addendum — In a recent publication, Bredereck, Caro, and Richter at- 
tribute to Levene and Dillon a statement to the effect of the existence in 
the gastrointestinal secretion of the dog of two different nucleinases, one 
specific for ribo- and the other for desoxyribonucleic acid. 

This conception they refute by the finding that a phosphatase obtained 
from sweet almonds acts with the same velocity on the two nucleic acids. 

In no place have Levene and Dillon made the statement attributed to 
them. Furthermore, the enzyme obtained from sweet almonds active at 
pH 4.9 to 5.1 has no bearing on the nucleases of gastrointestinal origin 
active at pH 8.5 to 9. 


EXPLANATION OP PLATE 4 

Fio. 1. Photographs taken with the ultracentrifuge showing the failure 
of Feulgen’s nucleinate to sediment appreciably in a centrifugal field 
210,000 times gravity. The pictures were taken at 6 minute intervals. 

Fio. 2. Sedimentation photographs of Neumann’s gelatinizing nu- 
cleinate in a centrifugal field 210,000 times gravity, showing the settling 
of particles with a blurred boundary. The pictures were taken at 5 minute 
intervals. 


i^Bredereck, H., Caro, G., and Richter, F., Ber. chem. (7es., 71, 2389 
(1938). 
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PLATE 4 



Fig. 1 



Fig. 2 


(StJimult, l^jckels, and Levcnie: Desoxyrihoiiucleic acids) 





QUANTITATIVE INVESTIGATIONS OF AMINO ACIDS 
AND PEPTIDES 


V. THE FUNCTION OF IODINE IN AMINO NITROGEN ANALYSES 
BY THE NITROUS ACID METHOD 

By MAX 8. DUNN and IRVING PORUSH 

{From the Chemical Laboratory j University of California at 
Los Angeles f Los Angeles) 

(Received for publication, October 7, 1938) 

A modification of the Van Slyke manometric amino nitrogen 
method by which theoretical results are obtained with glycine 
and cystine is described in a recent paper by Kendrick and Hanke 
(1), The amino nitrogen values for these amino acids are brought 
to the normal level by means of a nitrous acid-acetic acid reagent 
to which iodide has been added. 

Because iodine was found to be as effective as iodide in giving 
theoretical values for glycine and cystine, it was assumed that the 
abnormal reducing groups (sulfide sulfur of cystine (2, 3) and the 
deaminized glycine molecule (3)) were oxidized by iodine before 
they could react appreciably with nitrous acid. As support for 
this theory, it was reported that iodide, when mixed with nitrous 
acid, is immediately oxidized to iodine and that the cystine ab- 
normality is not eliminated by iodide when the deaminizing mix- 
ture contains thiosulfate. Practically no iodine is formed under 
these conditions. 

On the other hand, the fact that the ferric-ferrous system, which 
has approximately the same oxidation-reduction potential as the 
iodine-iodide system, had no effect on the nitrogen values from the 
reaction of cystine and nitrous acid stands in opposition to this 
theory. The further observation that sulfate is formed when 
cystine is treated with nitrous acid in the presence, as well as in 
the absence, of iodide appears to have no critical significance. 

In other experiments, Kendrick and Hanke found that leucine, 
alanine, glutamic acid, lysine, histidine, and tyrosine yield iden- 
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tical values with, or without, iodide. It was stated, however, 
that, ‘‘Tryptophane is one amino acid yielding non-theoretical 
values, 40 to 60 per cent, when KI is used.” 

Comparative studies of blood filtrates led these authors to the 
conclusion that the “KI methods yield consistently lower results, 
by 8 to 15 per cent, than do Van Slyke^s and other non-KI 
methods.” 

It is evident from the present authors^ experimental data, given 
in Table I, that the results reported by Kendrick and Hanke for 
leucine, cystine, and tr 3 rptophane, hut not for glycine , are confirmed. 
It was of interest, therefore, to give further consideration to the 
probable explanation for the iodide effect. 

It is difficult to accept the theory that iodine preferentially 
oxidizes cystine sulfide and deaminized glycine. Iodine is a 
weaker oxidizing agent than nitrous acid at comparable concentra- 
tions (see data given in Table II) and there should be greater 
divergence in the oxidizing capacities of these agents in the ex- 
perimental solutions which contained iodine in less than 0.01 the 
molal concentration of the nitrous acid. In order to test the pos- 
sibility that the rate of oxidation by iodine might be faster than 
that by nitrous acid, separate solutions were prepared containing 
cystine and iodine in 100 times, and nitrous acid in 2 times, the 
molal concentrations of these substances in the experimental 
solutions. It was found that sulfate (tested as barium sulfate) 
was formed in easily detectable amounts when a mixture of equal 
volumes of the cystine and nitrous acid solutions had stood for 
30 seconds but that no sulfate was formed in 60 minutes when the 
iodine and cystine solutions were tested similarly. 

A clue to what is thought to be the correct explanation for the 
iodide effect was found during the analysis of methionine. The 
amino nitrogen values obtained by the use of freshly prepared 
iodide solution were approximately theoretical, but they fell 
progressively to the minimum figure of approximately 94 per cent 
of the theoretical amount as the iodide solution aged during a 
period of 1 week. It was noted, too, that the quantity of iodine 
in the stock iodide solution increased during this period, presum- 
ably owing to atmospheric oxidation. In order to verify the 
assumption that iodine is the factor indirectly responsible for the 
iodide effect, an anal 3 ^is of methionine was made with a freshly 
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Tablb I 


Effect of Iodide upon Amino Nitrogen Values 



Amino N, per cent of tbeoreiioiil amount 

Amino acid* * * § 

Manometrio method 

Valuea by volu- 
metric method 
without KI reported 
in literature 

1 

Without KI 

With KI j 

d- Arginine monohydro- 

100.0 (4 min.) 

102.1 (6 min.) 

104-150t (3) 

chloride 

111.6 (20 “ ) 

j 


i-Cystine 

128.7 

99.6 (6 “ ) 

109 (4) 



101.0 (10 “ ) 

140t (1) 



99.4 (15 " ) 

lll-131t (3) 

Cysteine hydrochloride 

128 

100 

list (3) 

Glycine 

102.91 

103. 1§ 

103 (4) 

105.6-10811 (5) 
108-117t (3) 

Z-Leucinelf 

100.0 

99.8 

100 (6) 

d^Methionine 

100.2 

99.2 

100 (7) 

1-Tryptophane 

99.6 

48.9 

118-194t (3) 

dl-Serine 

103.4 

99.8 

105-108** (8) 

Glutathione 

194-253 (4-10 

204 (4 min.) 

Higher than 


min.) 


theoretical 

(8) 


* The glutathione, cysteine hydrochloride, and i-tryptophane were Pfan- 
stiehl Chemical Company's products. The purity of the glutathione and 
the cysteine hydrochloride was found to be 97.1 and 93.4 per cent, re- 
spectively, according to iodometric analysis by the method of Virtue and 
Lewis (9) . According to Shinohara (10), Z-cystine is the principal impurity 
in cysteine hydrochloride and it may be present in commercial samples by 
as much as 10 per cent by weight. The assumption that cystine and 
cysteine respond similarly to the iodide effect serves to explain the analyti- 
cal data reported for the latter compound. The other amino acids were 
prepared by Amino Acid Manufactures. Their purity was 99.8 :i; 0.3 per 
cent according to Volhard analysis and analyses by the formol titration- 
glass electrode method of Dunn and Loshakoff (11). The figures quoted are 
averages of two, three, or four runs which showed maximum deviations of 
0.8 per cent. 

1 4 to 6 minutes at 45°. 

t Manometrio method. 

§ Average of four determinations. 

II 1 to 5 minutes. 

If Freed from methionine by the method of Fox (12). 

** 4 to 30 minutes at 45°. 
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prepared solution of potassium iodide saturated with iodine. The 
expected figure for amino nitrogen, approximately 94 per cent of 
the theoretical amount, was obtained. 

The further observation was made that a red precipitate, 
thought to be mercuric iodide, appeared in the manometric de- 
aminizing apparatus when 1 week-old potassium iodide solution 
was used for the analysis. As may be inferred from the data in 
Table II, nitrous acid is capable of oxidizing mercury to the mer- 
curous and mercuric forms. In view of these circumstances it 
seems reasonable to postulate that the iodide effect with methio- 
nine, cystine, cysteine, and tryptophane may be due to the for- 
mation of slightly soluble, or feebly ionized, complexes of mercuric 
iodide with the sulfur, nitrogen, or other atoms of these molecules. 
In the case of soluble complexes, the reaction of nitrous acid with 


Table II 

Molal Reduction Potentials 


Couple 

Ei, volt 

31“ Ig 4" 26 

-0.64 

NO + HjO HNO, + H+ + 2e 

-0.98 

2Hg?i:Hg?'+ + 2e 

-0.80 

Hgr ;=; 2Hg + 2e 

-0.92 

Fe++ Fe+++ + e 

, -0.74 


the primary amine nitrogen would proceed normally but the ab- 
normal production of nitrogen by the reaction of nitrous acid with 
other groups would be prevented. When the values for amino 
nitrogen are reduced below the theoretical amount, it may be 
assumed that insoluble complexes are formed. 

If the iodide effect is due to the formation of mercuric iodide 
complexes, analyses of the ^^abnormaT^ amino acids in the Van 
Slyke volumetric apparatus should yield identical amino nitrogen 
values with, and without, iodide in the deaminizing reagent. 
Tests made on cystine with iodide-free, and iodide-containing, 
reagents gave identical amino nitrogen values (112.0 and 111.8 
per cent of the theoretical amount). These figures agree closely 
with those reported for cystine from 4 minute runs with the vol- 
umetric apparatus (3). On the other hand, approximately the 
theoretical value was obtained when cystine was allowed to re- 
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act with the nitrous acid-acetic acid reagent to which a solution of 
the complex salt, KsHgl 4 (mercuric iodide in freshly prepared 
potassium iodide solution), had been added. 

The fact that complexes are readily formed from mercuric 
halides and the amino acids under consideration is well known. 
Examples of these and related types of complexes are those which 
have been shown to be formed from alkyl sulfides and mercuric 
iodide (13) but not from alkyl sulfides and mercurous salts (14), 
from dithiodihydracrylic acid and mercuric bromide (10, 16), 
from cystine (as cysteine) and mercuric chloride (10, 15), from 
tryptophane and mercuric sulfate (16), and from methionine and 
mercuric acetate (17) or methionine and mercuric chloride (18). 
The apparent failure of glycine to form complexes with mercury 
salts is in harmony with the authors' experimental results and 
explanation for the iodide effect. 

The exceptionally low values for amino nitrogen obtained in the 
analyses of tryptophane may be explained by the formation of an 
insoluble addition product with iodine. This would appear to be a 
reasonable hypothesis, inasmuch as Neuber and Nikolaus (19) 
prepared and analyzed comparable insoluble chlorine and bro- 
mine addition products. 

The authors' attempts to isolate the complex assumed to be 
formed from cystine and mercuric iodide were unsuccessful. A 
solution of an equimolar mixture of cystine and potassium mer- 
curic iodide was evaporated in a current of air. The yellow crys- 
talline product was dissolved in alcohol, the solution filtered to 
remove undissolved cystine, and the filtrate evaporated to dry- 
ness in a current of air. The hygroscopic residue was taken up in 
acetone and, when the solution was cooled, a white crystalline 
substance precipitated. This product could not be dried without 
decomposition. It may be assumed from the observations of 
Preisler and Preisler (15) and those of Andrews and Wyman (20) 
on the mercuric chloride and mercuric sulfate complexes of 
cystine, however, that the corresponding mercuric iodide com- 
plex would have the structure 






CH-COOH 

NH+ 
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The isolation of the complexes of methionine and tr 3 rptophane was 
not attempted. 

Kendrick and Hanke state that, ^‘Since the iodide, when mixed 
with nitrous acid, is immediately oxidized to iodine, one may con- 
clude that it is the oxidizing action of the iodine, rather than the 
reducing action of the iodide, which is the effective agent. This is 
supported by the observation that if in place of 1 cc. of 20 per cent 
(1.2 n) KI, 1 cc. of 0.6 N KI and 0.6 n Na28208 is used, under which 
conditions practically no iodine is liberated by the nitrous acid, 
the values with cystine are about 140 per cent, the same as by 
Van Slyke's method in which no iodide is used.^^ The present 
authors^ deductions are somewhat different from those advanced 
by Kendrick and Hanke. 

It may be assumed that iodide is oxidized immediately to iodine 
by nitrous acid but, under the experimental conditions, this reac- 
tion would not proceed to completion. The evidence reported in 
the present paper would seem to substantiate this conclusion. It 
appears probable, also, that ^^practically no iodine is liberated by 
nitrous acid^^ from iodide when thiosulfate is present, although 
this observation has no critical significance if the present authors’ 
explanation of the iodide effect is correct. 

That the amino nitrogen values are about 140 per cent of the 
theoretical amount when cystine is analyzed by means of a deami- 
nizing reagent containing both iodide and thiosulfate is thought to 
be the net result of two competing reactions. The formation of 
the cystine-mercuric iodide complex should proceed as well in the 
presence, as in the absence, of thiosulfate. The amino nitrogen 
values for cystine should tend to approach the theoretical because 
of this factor. On the other hand, thiosulfate is capable of reduc- 
ing nitrous acid to nitrogen, as was demonstrated in an experiment 
I>erformed by the present authors. It was found that approxi- 
mately 50 ml. of nitrogen were formed from the reaction of nitrous 
acid with 1 ml. of 0.6 n thiosulfate in the deaminizing chamber of 
the Van Slyke manometric apparatus. The amino nitrogen 
values found for cystine would be higher than the theoretical 
amount, therefore, when thiosulfate is present. 

The observations of Kendrick and Hanke that the amino nitro- 
gen of blood filtrates, measured by means of the potassium iodide- 
manometric method, is lower by as much as 16 per cent than the 
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values obtamed by non-potassium iodide methods was confirmed 
by the authors' experiments with beef blood filtrates. Similar 
analyses carried out with the volumetric apparatus and potassium 
merciuic iodide-containing reagents gave results which did not 
differ significantly from those obtained with reagents lacking this 
complex. A satisfactory explanation of these observations cannot 
be given at the present time. 

Whether or not amino nitrogen values of blood filtrates obtained 
by the use of iodide-containing reagents are to be preferred to 
those foimd with non-iodide reagents is an important point. 
According to present knowledge, the amino nitrogen in human 
blood filtrates, measured by the manometric iodide method, is 
approximately 15 per cent less than the average 0.010 gm. per 
100 ml. (21) found in analyses by manometric non-iodide methods. 
It may be assumed from the observations of Kendrick and Hanke, 
and those of the present authors, that only cystine and trypto- 
phane of the amino acids in blood can be mainly responsible for 
this effect. It seems probable, however, that cystine is a rela- 
tively unimportant factor in this connection because its concen- 
tration in blood is negligible (22, 23). On the other hand, it can 
be readily shown by a simple calculation that tryptophane, which 
is present in blood in a concentration of approximately 1.0 mg. 
per 100 ml. (23), is the source of only about 2.5 per cent of the 15 
per cent decrease in blood amino nitrogen. 

It may be deduced, therefore, that reducing substances, other 
than amino acids, are the principal cause of the observed decrease 
in blood amino nitrogen. Substances of interest are glucose, as- 
corbic acid, glutathione, and thioneine (ergothioneine). A precise 
evaluation of the effect of these substances upon the amino nitro- 
gen in blood filtrates, measured by iodide and non-iodide methods, 
cannot be made at the present time, because their concentration 
varies widely with different protein-precipitating agents. 

It is known, however, that the concentration of glucose, ascor- 
bic acid (24), glutathione (25), and thioneine (26) in blood is ap- 
proximately 80, 1, 7.5, and 5 mg. per 100 ml., respectively. Al- 
though no data are available for ascorbic acid and thioneine, the 
authors' experiments show that about 1 and 10 per cent, respec- 
tively, of the total amino nitrogen measured by non-iodide methods 
could be accounted for by reactions of glucose and glutathione 
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with nitrous acid. It has been shown further that amino nitrogen 
from glutathione is unaffected by the presence of iodide in the 
deaminizing reagent. 

Experiments which the authors plan to undertake may throw 
additional light on these problems. 
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In stud 3 dng the metabolism of sorbitol and mannitol in experi- 
mental animals (1) it is desirable to have at hand a rapid method 
for the estimation of these compounds. Of the various methods 
found in the literature none was deemed satisfactory for rapid 
routine analysis. A method was therefore developed which lends 
itself to rapid and fairly accurate estimations of sugar alcohols. 
The method has been applied to the determination of sorbitol, 
mannitol, dulcitol, erythritol, pentaerythritol, and inositol, and 
should be applicable to the other sugar alcohols. The reactions 
involved are not specific for these compounds and consequently the 
method, though satisfactory for the work to which we have 
adapted it, has distinct limitations. 

The principles of the Hagedorn-Jensen sugar method have been 
used with modifications in technique and reagents to meet special 
requirements. The method described below represents the best 
procedure so far developed. 


Method 


Reagents — 

1. 1.08 per cent potassium ferricyanide in water. 

2. 6 per cent sodium sulfate in 3.33 n sodium hydroxide. 

3. 15 per cent 2dnc acetate and 12 per cent potassium iodide in 
combined solution. 

4. Glacial acetic acid. 

6. 0.005 N sodium thiosulfate. 
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Procedure 

Vyvex tubes (26 X 200 mm.) are charged with 6 ml. of a solu- 
tion containing 0.1 to 0.7 mg. of sugar alcohol. Water blanks are 
run concurrently. 3 ml. of Reagent 1 are added to each tube. 3 
ml. of Reagent 2 are rapidly added to duplicate or triplicate sam- 
ples as the case may be. The tubes are immediately covered with 
glass bulbs and, after the contents are mixed, are placed simul- 
taneously in a boiling water bath. The time required to add Re- 
agent 2 to three tubes and place them in the water bath need not 
exceed 1 minute. After heating for 30 minutes the tubes are re- 
moved to a cold water bath in sets and in the same order in which 
they were placed in the boiling bath, so that each set of tubes is 
subjected to exactly 30 minutes heating. Reagents 3 and 4 are 
mixed in approximately equal portions and, when the tubes have 


Table I 

Titration Diference for Sorbitol and Mannitol with Varying Concentraiions 


1 

Concentration per 5 ml. 

Titration difference. 0.005 n thiosulfate 

Sorbitol 

Mannitol 

mg. 

ml. 

ml. 

0.1 

0.92 

0.93 

0.3 

2.63 

2.73 

0.5 

4.36 

4.17 

0.7 

6.83 

4.96 


cooled, 5 ml. of this mixed reagent are blown into each tube from a 
fast flowing 6 ml. pipette. The liberated iodine is titrated with 
0.005 N thiosulfate, starch indicator being used near the end-point. 

Heating Time and Factor Equivalents — In a method to be used 
for routine work it is expedient that the time required to complete 
an analysis be as short as possible. The length of time allowed 
for the reduction is of prime importance in this connection. Re- 
coveries of known amounts of sugar alcohols in pure solution have 
been tried with various heating periods from 10 minutes to 1 hour. 
It was found that the shortest time of heating commensurate with 
the accuracy desired is 30 minutes. After this interval the reac- 
tion is fairly well completed and little error results from slight dis- 
crepancies in timing. 
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The relation between sorbitol concentration and titration differ- 
ence is not linear and a curve must be prepared for the calcula- 
tion of results. This is true for all of the alcohols investigated. 
Table I gives our values for sorbitol and mannitol in varying con- 
centrations of pure solutions. It is a relatively simple matter for 
anyone wishing to make use of the method to develop curves for 
his own use. 

Recovery of Sorbitol and Mannitol — Recovery of known amounts 
of sorbitol and mannitol ranged from 95 to 110 per cent. Treat- 
ment with HgSOi and BaCOs (vide infra) does not interfere with 
recoveries. From blood and urine 85 toT06 per cent of added 
sorbitol or mannitol has been recovered regularly. 

Determination in Urine and Blood — ^The procedure given below 
has been used in following the excretion of sorbitol in urine and 
its concentration in blood after intravenous injection (1). Since 
glucose and other substances reduce the ferricyanide reagent, it 
is necessary to determine the sorbitol-reducing equivalent of the 
fluids before giving the sorbitol and to subtract these values from 
those found following its administration. The West-Scharles- 
Peterson (2) method of clarification has been used for blood and 
urine. 

Urine — 10 ml. of urine are added to 75 ml. of water in a 250 ml. 
Erlenmeyer flask and 15 ml. of HgS 04 reagent (28 per cent HgS 04 
in 2 N H2SO4) are added; the mixture is neutralized with BaCOs 
(about 28 gm.) and filtered. 1 gm. of zinc dust per 15 ml. of 
filtrate is added to remove traces of mercury. After filtering 
again through a fine paper such as Whatman No. 42, the filtrate 
is diluted according to the concentration of sorbitol present and 
the reduction estimated as outlined. 

Blood — 5 ml. of blood are added to a flask containing 90 ml. of 
water. After laking is complete 6 ml. of HgSOi reagent are added 
and the mixture neutralized with about 9 gm. of BaCOj. Zinc 
dust is employed as in the case of urine filtrates. The final filtrate 
is diluted as necessary before analysis. The reducing equivalent 
of sorbitol and the other alcohols is changed by the presence of 
glucose in the blood. Consequently corrections must be made 
for this contingency. 

We have accomplished this by determining the glucose equiv- 
alent in blood filtrates free of sugar alcohol and then determining 
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the reduction in another filtrate of the same blood after the addi- 
tion of known amounts of a sugar alcohol. By simple calculation 
a factor for the compound in question is obtained. Large varia- 
tions in the glucose content of blood samples under experimental 
conditions necessitate the determination of such factors con- 
currently with sugar alcohol estimations. 

DISCUSSION 

Potassium ferricyanide is not stable in strong alkali; a slow 
decomposition occurs with the production of ferric hydroxide. 
The ferricyanide reagent is thus prepared in aqueous solution. 
Sugar alcohols react in the cold with ferricyanide in alkaline solu- 
tion and for this reason samples for analysis are placed in the water 
bath immediately following the addition of the alkali. Another 
point that must be considered is the reaction between the potas- 
sium iodide-rinc acetate mixture and glacial acetic acid. When 
these are mixed, iodine is slowly liberated and it is essential that 
this solution be prepared immediately before use. The end-point 
in the titration is well defined and little difficulty is encountered 
if good lighting is provided. 

The method outlined has proved very satisfactory for biological 
work even in view of the limitations resulting from the fact that 
many substances in physiological solutions besides sugar alcohols 
react with the ferricyanide solution in the strongly alkaline 
medium employed. In blood filtrates, for instance, recoveries of 
added sorbitol were apparently very poor before it was ascertained 
that sorbitol exhibits less reduction in the presence than in the 
absence of glucose. The reason for this we believe is that glucose 
is attacked far more readily at the high pH by the ferricyanide 
reagent than is sorbitol. The result is that less ferricyanide is 
present after a short initial period of reduction to oxidize the 
sorbitol. It is, therefore, necessary in blood work to determine a 
factor for sorbitol in the presence of glucose. After this rather 
simple expedient was worked out, it was found that recoveries of 
added sorbitol from blood were sufficiently accurate for our pur- 
pose. Because the sugar alcohols do not reduce the ordinary cop- 
per reagents, it is possible to determine blood sugar in the presence 
of these compounds. 
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SX7MMARY 

A rapid method for the estimation of sugar alcohols is pre- 
sented. 0.1 to 0.7 mg. in 5 ml. of solution may be determined in 
properly clarified filtrates of blood, urine, etc. 
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ON THE METABOLISM OF SORBITOL AND MANNITOL* 
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Following the demonstration (1) that sorbitol acts as an eflScient 
diuretic in dogs, we have interested ourselves in a study of the 
metabolism in experimental animals of this sugar alcohol and one 
of its isomers, mannitol. A review of available literatme con- 
cerning the metabolism of these compounds reveals considerable 
difference of opinion as to utilization, glycogen formation, etc., 
in animals. Variations in species response and in techniques em- 
ployed may in part explain the discrepancies reported. The 
value of sorbitol in the diabetic diet is similarly controversial. 

As early as 1883 Jaffe (2) demonstrated that after feeding man- 
nitol to dogs large quantities can be recovered unchanged from 
the urine. Rosenfeld (3) observed no significant increase in liver 
glycogen in dogs after feeding mannitol. Following the adminis- 
tration of 100 gm. each of several carbohydrates dissolved in a 
glass of water to fasting colored males, Field (4) reported an aver- 
age increase in blood sugar of 10 mg. per cent when mannitol was 
given compared to a 40 mg. per cent increase after the ingestion of 
glucose. Ariyama and Takahashi (5) reported mannitol to be far 
inferior to starch as a carbohydrate source for rats. It was also 
noted by Lafon (6) that in mice mannitol is utilized to a very slight 
extent or not at all and is toxic in sufficient quantity. However, 
it was reported that sorbitol is not toxic up to 30 per cent of the 
ration and that it seems to be completely metabolized. On the 
other hand Lecoq (7) observed that both mannitol and sorbitol are 
completely utilized by pigeons when they comprise 35 per cent, 
and the only carbohydrate source, of a lipid-rich ration. 66 per 

* Aided by a grant from the Committee on Scientific Research, American 
Medical Association. 
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cent of either in the diet resulted in death of the animals. Voegt- 
lin, Dunn, and Thompson (8) studied a number of carbohydrates 
and listed mannitol as slightly or doubtfully protective to rats 
previously given normal lethal doses of insulin. 

Only two pajiers have come to our attention regarding the pos- 
sibility of glycogen deposition in fasted rats following the adminis- 
tration of mannitol. Carr, Musser, Schmidt, and Krantz (9) 
fasted rats for 24 hours and then fed cacao-butter containing 33 
per cent mannitol. After 80 hours on this diet these animals 
showed large increases in liver glycogen compared to controls fed 
cacao-butter only. Silberman and Lewis (10) administered 2 to 
4 ml. of 15 per cent mannitol by stomach tube to rats fasted 24 
hours and after absorption periods of 2, 3, 4, and 6 hours found no 
increase in liver glycogen over controls which had received like 
amounts of water. These authors stated that their results can- 
not be compared with those of Carr et al because of the great 
dissimilarity in technique employed. We are unaware of any 
work substantiating or refuting these results. 

Embden and Griesbach (11) reported that sorbitol solution per- 
fused through livers from dogs previously phlorhizinized resulted 
in the formation of a mixture of fructose and glucose. However, 
lactic acid was formed when liver tissue from dogs fasted but not 
phlorhizinized was employed. Koike (12) found increased blood 
sugar and blood lactic acid following the intraperitoneal adminis- 
tration of sorbitol to rabbits, but Roche and Raybaud (13) stated 
that this alcohol is not transformed into liver glycogen by the 
fasting rabbit and that it is without effect on insulin hypoglycemia 
in these animals. Payne, Lawrence, and McCance (14) reported 
the failure of ingested sorbitol to increase the liver glycogen con- 
tent of fasted rats. Thannhauser and Meyer (15) fasted dogs and 
then fed lean meat and glucose or lean meat and sorbitol for 3 days. 
The liver glycogen content of both groups showed about equal 
values and they stated that sorbitol is built into liver glycogen as 
readily as is glucose. 

A number of authors (14, 16-18) are of the opinion that sorbitol 
has a place in the diabetic diet, while others (19-23) feel that it is 
to be avoided in such a diet. 

Because of the controversial nature of the data and interpreta- 
tions relative to the metabolism of sorbitol and mannitol in the 
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animal body, the writers have undertaken experiments in an at- 
tempt to clarify the situation. 

Recovery from Urine of Sorbitol Given IrUravenovely — Normal 
female dogs were catheterized and then given 60 ml. of 60 per cent 
sorbitol intravenously over a period of 6 minutes. At varying 
intervals for 24 hours urine was collected by catheterization, or 
from the metabolism cages if voided, and kept in an ice box xmder 
toluene for sorbitol estimations. (Methods for the determination 
of sorbitol and other sugar alcohols are given in the preceding 
paper.) It is seen from the data in Table I that approximately 
40 to 60 per cent of the injected sorbitol was recovered from the 
urine. Practically no excretion of sorbitol occurred after the first 
24 hours. The remaining 60 or 60 per cent was apparently metab- 
olized, as will be shown in a later discussion. Four such experi- 
ments were carried out on each of two dogs; representative data 
are given in Table I. 

The figures in Table I are subject to some error and are to be 
taken as a close approximation only. With the method of deter- 
mination employed dog urine exhibits considerable reduction (6 to 
10 mg, per ml.) and consequently sorbitol determinations on urine 
in these experiments actually give total reduction which is not all 
attributable to the sorbitol present. Total reduction was de- 
termined on 24 hour urine samples from two dogs for 7 consecutive 
days. A range of 0.4 to 2.6 gm. reduction per day was found with 
an average of 1.4 gm. daily (average of both animals). Consider- 
ing this amount of reduction from sources other than sorbitol 
during the above experiments, an average error in sorbitol recovery 
of about 12 per cent is introduced. The figures in the third column 
of Table I are thus high. The average per cent recovery in Table 
I is 44.7 and after the above correction is applied this figure be- 
comes 39 per cent, which may be closer to the true value. 

Clearance of Sorbitol from Blood Following Its Intravenous In- 
jection — Normal dogs were given 60 ml. of 60 per cent sorbitol 
intravenously over a period of 6 minutes. Blood samples were 
withdrawn just previous to and at varying inte]:vals following the 
injection. The samples were oxalated and subjected to sorbitol 
estimation at once. In a number of instances this work was 
carried out concurrently with the urine studies cited above. In 
Fig. 1 representative curves are presented for three dogs. Sor- 
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bitol was rapidly clewed from the blood following the high values 
attained a few minutes after the end of the injection. In all 
instances a peak of 400 to 700 mg. per cent was reached a few min- 
utes after the injection and generally a value rather near the basal 
figure was attained within 2 or 3 hours. However, there is a 


Table I 

Recovery of Sorbitol from Dog Uririe after Intravenous Injection of 50 Ml. of 
60 Per Cent Sorbitol Solution 


Dog No. 

Recovered from urine in 

24 hra. 

Recovery 


gm. 

per cent 

1 

10.13 

40.5 


12.14 

1 48.5 

3 

9.53 

38.1 


12.95 

51.8 



Fig. 1. Blood sorbitol curves following intravenous injection 

distinct tendency for the curve, although flattened at 2 or 3 hours, 
to remain above the basal figure for several hours. This phenom- 
enon has not yet been investigated. In eight such experiments 
on these three dogs the curves all fall within the limits of curves 
plotted in Fig. 1. 

It is to be remembered that these curves are not true values for 
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sorbitol but represent total reduction including glucose, sorbitol, 
and undoubtedly other non-sugar reducing substances. It is 
felt that the validity of the data is little affected by this circum- 
stance, as basal values were always determined. This figure was 
found to be quite constant; in eleven experiments in which basal 
blood reduction was determined with our method a range of from 
118 to 146 mg. per cent was found, while in seven of these instances 
values between 130 and 140 mg. per cent were noted. 

Bhod Sugar Level Follomng Injection of Sorbitol and Mannitol — 
The reports in the literature on the conversion of sorbitol to glu- 
cose in experimental animals are controversial. Under certain 
conditions mannitol may lead to the formation of glucose, although 
little work has been reported on this point. Quantitative data 
and information regarding the speed of such reactions are lacking. 

Normal dogs were given 60 ml. of 60 per cent sorbitol solution 
intravenously over a 6 minute period. Blood sugar was estimated 
on aliquots of the blood samples drawn for sorbitol studies, as 
described above. Clarification of the blood was accomplished by 
the method described by Steiner, Urban, and West (24) and the 
sugar was estimated by the Shaffer-Somogyi technique (25) with 
their Reagent 50. Mannitol and sorbitol do not reduce this re- 
agent. 

Fig. 2 indicates the nature of the true sugar curves. It will be 
seen that a peak of approximately double the basal value is reached 
about 30 minutes after the injection and that in 2 or 3 hours the 
basal figure is approached. 

As mannitol is much less soluble (15 parts per 100 at 18®) than 
sorbitol, it was necessary to use relatively dilute solutions in order 
to compare the two compounds. In these experiments a dog was 
anesthetized with nembutal and given 160 ml. of 15 per cent 
mannitol intravenously over a period of 5 minutes. Blood sam- 
ples were taken as previously and sugar estimatipns made at once. 
3 days later the same dog was employed similarly except that 150 
ml. of 15 per cent sorbitol were administered. The curves in 
Fig. 3 indicate that under these conditions sorbitol leads to an 
increase in blood sugar, while mannitol does not. The drop in the 
sugar curve after mannitol may be a result of blood dilution. 

Formation of Olycogen from Sorbitol and from Mannitol in 
Fasted Rats — As the literature offers some confusion regarding the 
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possibility of oonversioii of sorbitol and mannitol into glycogen in 
experimental animals, we have administered these compounds to 
rats with the hope of clarifying the situation with regard to this 
species at least. Adult white rats, weighing from 160 to 260 


175 



Fig. 2. Blood sugar curves for Dog 3 following 50 ml. of 50 per cent sor- 
bitol given intravenously. 

i20 



10 «) 30 40 50 60 

niNUT£5 AFTCR QEOtNNtNa OF INJFCTION 

Fig. 3. Blood sugar curves for Dog 4 after the intravenous administra- 
tion of 150 ml. of 15 per cent sorbitol or mannitol. 

gm., from our stock colony were fasted for 40 hours and then given 
a solution of sorbitol or mannitol by stomach tube or by intra- 
peritoneal injection. After various absorption periods the ani- 
mals were decapitated, the livers removed and ground in a small 
meat grinder, and a sample immediately placed in a weighed tube 
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of alkali. With a little practice this entire operation can be com- 
pleted in about 1 minute. The glycogen was determined by the 
Good-Kramer-Somogyi method (26). A number of the animals 
in each experiment received no supplement and acted as a control 
group. 


Table II 

Glycogen Storage in Livers of Fasted Rats (40 Hours) Following 
Administration of Sugar Alcohols 


No. of 
rata 

Substance 

Method of 
administration 

Total 

given 

Dose 

vol- 

ume 

Solu- 
1 tion 

Inter- 
val be- 
tween 
doses 

Tims 

kUled 

after 

fint 

dose 

Percent 

liver 

glycogen 

average 




ml. 

ml. 

psr cent 

Are. 

Ars. 


3 

Sorbitol 

Stomach tube 

2 

1 

50 

4 

8 

1.06 

3 

None 


0 




8 

0.14 

5 

Sorbitol 

Intraperi- i 

8 

4 

12.5 

2 

6 

1.73 



toneally 







5 

None 


0 




6 

0.26 

5 

Mannitol 

Stomach tube 

4 

2 

20 

2 

5 

0.33 

5 1 

None 


0 




5 

0.33 

5 

Mannitol 

Intraperi- 

8 

4 

12.5 

2 

5 

0.27 



toneally 







5 

None 


0 




5 

0.33 


Table III 

Glycogen Deposition in Livers of Fasted Rats (24 Hours) Subsequently Fed for 

72 Hours 

Eight animals were used in each instance. 


Food 

consumption 

Fed 

Average 
weight loss 

Average 

glycogen 

gm. 


gm. 

per cent 

13.4 

Cacao-butter only 

37 

0.27 

11.3 

“ + 33% mannitol 

35 

0.97 

12.4 

-H 33% sorbitol 

43 

0.79 


Table II presents data from several experiments. It is appar- 
ent that sorbitol is readily converted into liver glycogen, while 
mannitol is not handled in the same manner under these experi- 
mental conditions. 
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Glycogen Storage in Premoudy Fasted Rats after Long Periods of 
Mannitol Feeding — Our results are in accord with those of Silber- 
man and Lewis (10) that mannitol per os does not lead to glycogen 
deposition in fasted rats when only a few hours are allowed for 
absorption. However, the situation is apparently different when 
such animals are allowed to feed over long periods on mannitol 
and fat (Carr et al, (9)). We have further substantiated the 
findings of these authors using their technique, although our re- 
sults show considerably less glycogen deposition. 

Rats were fasted 24 hours and then fed cacao-butter containing 
33 per cent mannitol or 33 per cent sorbitol ad libitum for a period 
of 72 hours. Controls were given cacao-butter only. At the 
end of this period the animals were sacrificed and their liver glyco- 
gen estimated, as previously described. The data in Table III 
indicate that the ingestion of either of these sugar alcohols leads 
to the deposition of liver glycogen under these conditions. 

DISCUSSION 

It was recently pointed out by Mirski et al (27) that, when rats 
previously fed high protein diets were fasted, glyconeogenesis 
was highly intensified. This protein effect was also evident in 
animals which had been fasted 3 days, for, as explained by these 
workers, the rat organism uses up its store of carbohydrate during 
the first 24 hours of fasting and after that is living on its stock of 
protein and fat. We have noticed that on several occasions when 
our animals were fasted more than 48 hours liver glycogen values 
were found which were considerably above the usual 0.1 to 0.3 
per cent for fasting rats. This we feel is explainable on the basis of 
the protein effect described by the above authors. Low figures for 
liver glycogen can be obtained regularly by fasting rats 40 hours. 

As far as we are aware this paper presents the first data indicat- 
ing that in the dog the intravenous injection of sorbitol results in 
an elevation of the blood sugar. We are also unaware of other 
attempts to study quantitatively the recovery of sorbitol from the 
urine or its clearance from the blood after its administration to 


The writers wish to express their appreciation to Dr. H. C. 
Speel of the Atlas Powder Company for kindly supplying sorbitol 
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and mannitol for this work. They are indebted to Dr. Hance 
Haney for assistance in the dog experiments. 

BUMMART 

1. The intravenous injection of sorbitol leads to an increased 
blood sugar in dogs. Mannitol does not exhibit this action. 

2. Shortly after the injection of 50 ml. of 60 per cent sorbitol 
into dogs, blood clearance curves for this compound show a peak 
and a rapid decrease within the 1st hour. At 2 hours values close 
to the basal figure are reached but are maintained slightly ele- 
vated for several hours. 

3. Under the same conditions about 40 to 60 per cent of the 
sorbitol can be recovered from the urine in 24 hours. After this 
time the excretion is negligible. The remainder of the sorbitol 
is apparently utilized. 

4. When sorbitol is administered to fasted rats by stomach tube 
or by intraperitoneal injection, a deposition of liver glycogen oc- 
curs within 8 hours. Mannitol similarly administered does not 
lead to such a deposition. 

5. When fasted rats are fed over a 72 hour period on mixtures of 
either sorbitol and cacao-butter or mannitol and cacao-butter, 
glycogen is deposited in their livers. 

6. It is evident that sorbitol is much more readily converted 
into glucose and glycogen in the animal body than is mannitol, 
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STUDIES IN PROTEIN METABOLISM 

I. GENERAL CONSIDERATIONS IN THE APPLICATION OF 
ISOTOPES TO THE STITDIT OF PROTEIN METABOLISM. 

THE NORMAL ABUNDANCE OF NITROGEN ISOTOPES 
IN AMINO ACIDS* 

Bt RUDOLF SCHOENHEIMER and D. RITTENBERG 

{From the Department of Biological Chemiatry^ College of Phyeiciana and 
SurgeonSf Columbia Univeraityf New York) 

(Received for publioatioD, October 3, 1938) 

In 1937 Urey and collaborators (1) reported^ the concentration 
of the nitrogen isotope of atonuc weight 15 (N^*) up to 2.5 per 
cent and this has since been increased to more than 15 per cent 
(2). Our aim has been to use this isotope as an indicator for the 
investigation of protein and amino acid metabolism in healthy 
animals on ordinary diets in a way similar to that in which deu- 
terium had been used for the study of fat and sterol metabolism. 

Two different types of isotopes, the radioactive and the stable, 
are available for studies of biological reactions. Work with radio- 
active isotopes is facilitated by the ease of analysis, and numerous 
experiments with inorganic compounds, particularly those of phos- 
phorus, have been carried out with such material in various 
laboratories. The field of application of these products seems at 
present to be limited to the study of inorganic metabolism. 

The intermediary metabolism of organic compounds can be 
studied by using isotopes of only those elements which constitute 
organic matter (C, H, O, N). No radioactive isotopes of these 
elements are known with a half life time long enough to permit 
their use for experiments involving synthesis, administration, 
and isolation from the animal organism. T 14 s type of work 
requires the use of stable isotopes, which are obtained by lab- 

* This work was carried out with the aid of a grant from the Josiah 
Maoy, Jr., Foundation. 

^ Prior to publishing his results Dr. Urey kindly supplied us with samples 
of isotopic ammonia for biological work. 
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oratory fractionation of the natural elements. They involve 
more complex analytical methods. 

The general considerations outlined in the beginning of the work 
with deuterium (3) apply to some extent also to the studies with 
The abundance of this isotope in ordinary nitrogen is 0.368 
per cent, and as far as is known this concentration is about the 
same in all nitrogen samples, independent of their source. We 
have carried out determinations of this isotope in various natural 
amino acids, using methods described in Paper II of this series, 
and have found the same concentration of as in the nitrogen 
of the air. The equal distribution of the isotope in air and in 
inorganic and organic compounds can be taken as an indication 
that animals or plants in the synthesis and catabolism of nitro- 
genous compounds do not appreciably fractionate the nitrogen 
isotopes and N^®) but treat the two indiscriminately. A 
normal monoamino acid is a mixture of molecules, 99.63 per cent 
of which contains only and 0.37 per cent of which contains 
only N^®. If a physiological compound be administered in which 
the concentration of N^® is slightly increased {i.e, it contains more 
molecules with N^® than normal), this cannot constitute a sub- 
stance foreign to the animal, as the cells are normally accustomed 
to both species of molecules. 

The mass spectrometric procedure described in Paper II of 
this series is an unusually sensitive micromethod. An increase 
of 0.003 per cent N^® above the normal 0.368 can be detected in 
less than 1 mg. of nitrogen. The sensitivity thus is of the same 
order as that used in routine deuterium determinations, and the 
total amount of material to be used is much smaller. A very 
small amount of glycine, the nitrogen of which contains only a 
5 per cent excess of N^® above the normal concentration, can be 
mixed in vitro or in vivo with several hundred tim^s its weight of 
ordinary glycine before the isotope tracer will be lost by the 
analytical method. Experience with deuterium has shown that 
when compounds with only a moderate isotope content are fed, 
it is almost always possible to follow the isotope in the animal 
in spite of the great chance that the administered deuterium might 
be diluted with ordinary hydrogen in the body, which contains 
a relatively enormous number of hydrogen atoms. The chance 
for dilution of N^® with ordinary nitrogen is much smaller, as the 
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living cell contains only one-fiftieth as many nitrogen atoms 
as hydrogen atoms. It is thus possible in metabolism work 
with nitrogen to use not only lower isotope concentrations, but 
also smaller quantities of isotope than were used in work with 
deuterium. 

Deuterium has been employed as an indicator for water metab- 
olism and as a label in organic compounds to study their trans- 
portation and transformations. There is no doubt that can 
be employed similarly for stud3dng the fate of the nitrogen given 
to an animal in organic or inorganic compounds. It will be shown 
in Paper III of this series that the carbon-nitrogen linkage of 
amino and guanido compounds is relatively stable in vitro and 
it is highly probable that the same is true for these compounds 
when present in the animal. A loss of isotopic nitrogen from 
an amino acid in the animal has to be expected only if chemical 
reactions occur at the amino group {e.g. deamination). The 
isotope can thus most probably be used as an indicator for the 
study of the transportation of such nitrogenous compounds in 
the animal. 

It is more difficult to predict to what extent can be em- 
ployed for the studies of the interconversion of nitrogenous com- 
pounds. The physiologist in studying substances containing 
only C, H, and 0 is interested mainly in the fate of the carbon. 
The conversion of carbohydrate into fat means by definition the 
utilization of the carbon from the sugar for building up fatty 
acids. The fate of the hydrogen or oxygen atoms in this process 
is of minor interest. In work with nitrogenous compounds, how- 
ever, the metabolic fate of both the carbon chain and the nitrogen 
atoms has to be considered. If one amino acid is converted into 
another, either the carbon chain or the amino nitrogen, or both, 
may conceivably be utilized in the process. 

In previous publications, it has been shown that carbon-bound 
deuterium could in many cases be used as an indicator for the 
fate of carbon chains, and preliminary experiments (4) have 
indicated that this isotope might also be employed for studies on 
the amino acids. It is hoped that the use of two independent 
isotopic labels (D and in the same amino acid molecule may 
reveal a more complete picture of its metabolism. Amino acids 
contmning both isotopes have already been synthesized and 
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tested biologically in exploratory experiments. The results 
encourage us to continue work with such compounds.® 

In work with deuterium the isotope content of a compound 
is usually given as the excess over the normal concentration, which 
is 0.02 atom per cent. Monodeuterovaleric acid, C6H9DO1, 
contains 10.00 atom per cent deuterium (1 deuterium atom in a 
total of 10 hydrogen atoms), but has an excess above normal 
of only 9.98 atom per cent, as the normal acid contains 0.02 per 
cent of deutero compounds. The difference is in most cases so 
small that it may be neglected. In work with the nitrogen isotope, 
however, the normal concentration of (0.368 per cent) is 
significant and has to be taken into consideration. In subsequent 
papers biological work will be described which was carried out 
with compounds, the nitrogen of which contained as little as 
0.69 per cent N^®, or an excess of 0.22 per cent above normal. 
This excess alone characterizes the compound and has to be 
considered for calculations in chemical or biological work. We 
propose to characterize the isotopic compounds by their excess 
content rather than by their absolute N^® concentration. The 
advantage of this will be apparent from the following example. 
Suppose an animal is given a glycine preparation, the nitrogen 
of which contains an absolute amount of 1.000 per cent N^® and 
mixes in the organs with normal glycine. From the animal there 
is then in turn isolated a glycine preparation, the nitrogen of 
which contains an absolute amount of 0.684 per cent N^®. The 
glycine fed contained 0.632 atom per cent excess {i.e. 1.000 — 
0.368), and the material isolated contained 0.316 (i.e. 0.684 — 
0.368) atom per cent. The glycine was, therefore, diluted by the 
same amount of normal glycine from the animal body. We 
shall thus describe a glycine, the nitrogen of which contains 1.000 
per cent N^® as glycine (0,632 atom per cent N^® excess), the word 
‘^excess’^ indicating an excess above the normal abundance. 

The term *^atom per cent N^®’' is in conformity with the nomen- 
clature used in deuterium studies, ‘‘Valeric acid containing 10 
atom per cent deuterium'' means that 10 per cent of all the hy- 
drogen atoms in the compound is present in the form of deuterium, 

* The carbon isotope, if available, would supply a tool even more valu- 
able for such purposes than deuteriiun. 
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and '^glycine containing 0.632 atom per cent excess^' means 
that the nitrogen of the compound contains 0.632 per cent more 
atoms than normal glycine. 

EXPERIMENTAL 

The amino acids listed in Table I are all natural compounds, 
isolated from proteins. The isotope concentration in the nitrogen 
of these substances was determined by the methods described 
in Paper II of this series. 


Table I 

Concentration of Nitrogen Isotope in Natural Amino Acids 
The values give the excess above the concentration of N*® in air (0. 368 
percent). 


Subttanoe N>* ooiit«it 

atom per cent excess 

Casein 0.004 

Glycine 0.002 

Tyrosine 0.000 

Leucine 0.002 

Proline 0.006 

Glutamic acid. 0.004 

Lysine 0.003 

Histidine 0.000 

Cystine 0.003 

Arginine 0.008 

0.010 

0.007 

0.008 


The values give the difference between the concentration 
in the nitrogen of the compound and that of air. 

DISCUSSION 

It cannot yet be decided whether the slightly higher values 
found in the analyses of the amino acids and especially those of 
the four different arginine samples, 0.007 to 0.010 atom per cent 
excess, demonstrate a real increase in the concentration, or 
are due to error. It is likely that in some chemical or biological 
reactions minute fractionation of the nitrogen isotopes occurs, 
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such as Brewer (6) has observed for the potassium isotopes in 
heart muscle and bone marrow. Urey has made use of such 
very small fractionations to concentrate the nitrogen isotope, by 
repeating the reactions thousands of times* 

Whether the differences found in Table I are real or not, they 
are too small to interfere with the application of the nitrogen 
isotope as a label. As will be shown in subsequent papers, the 
feeding of isotopic physiological compounds may lead to the 
formation of other nitrogenous compounds with an isotope content 
far above the differences found in ordinary amino acids. 

SUMMARY 

1. The application of the stable isotope of nitrogen (N'*) for 
the study of protein metabolism is discussed. 

2. The content of casein and of nine different amino acids 
has been determined. The nitrogen liberated from these com- 
pounds has the same isotopic composition as the nitrogen from 
the air. 

The authors are highly indebted to Dr. Harold C. Urey for the 
valuable gift of many samples of isotopic nitrogen, as well as for 
his continued interest, help, and advice in the course of our work 
with this isotope. They, furthermore, wish to express their 
gratitude to Dr. Hans T. Clarke for many valuable suggestions 
and for his continued encouragement and support during all the 
phases of the work. 
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RUDOLF SCHOENHEIMER 
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(Received for publication, October 3, 1938) 

The only practicable method for the precise determination of 
the isotopic composition of an element other than hydrogen 
involves the use of a mass spectrometer. 

The determination of the isotopic composition of an element by 
measuring the atomic weight of the mixture is time-consuming, 
requires large samples, and is not sensitive to small variations in 
the isotopic composition. It is thus not applicable to biological 
work, in which isotopes are employed as tracers in organic mole- 
cules. High sensitivity and accuracy of the analytical procedure 
are required. 

The mass spectrometer disperses by the action of an electric 
and magnetic field a beam of ions into a spectrum dependent on 
their masses, in analogy to the optical spectrometer which dis- 
perses quanta of light into a frequency spectrum. By measuring 
in an optical apparatus the ratio of the intensities of peaks pres- 
ent at different regions of the spectrum, the relative abundance 
of quanta of different frequencies can be determined. In the mass 
spectrometer the relative abundance of particles of different 
masses is determined. If applied to one element, the relative 
amounts of the various isotopic species can be determined directly 
by this procedure. In the case of nitrogen, the concentration of 
molecules and are compared, andthi.s can be carried 

out with a precision of 0.003 per cent N^®, corresponding to 
0.00003 atomic weight unit. 

* This work was carried out with the aid of a grant from the Josiah 
Maoy, Jr., Foundation. 
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This high sensitivity and accuracy are accompanied by many 
other desirable features. Only small samples of gas are necessary 
(as little as 0.5 cc. of nitrogen gas), and most impurities (except 
0*, which will be discussed later) are without effect on the analy- 
sis, as they have masses different from that of the nitrogen mole- 
cules. The procedure is rapid and applicable to routine. 

The isotope analysis of the nitrogen in an organic compound is 
carried out with nitrogen gas liberated from it. The principal 
steps of the procedure are (1) liberation of the nitrogen in the 
form of ammonia by the Kjeldahl procedure, (2) conversion of the 
ammonia into gaseous nitrogen by alkaline hypobromite, (3) 
admission of the gas sample to the vacuum tube containing the 
spectrometer, (4) measurement of the isotopic composition of 
the sample. 


EXPERIMENTAL 

Liberation of Nitrogen As Ammonia by Kjeldahl Procedure — An 
amount of material corresponding to 0.5 to 2 mg. of nitrogen is 
treated in a micro-Kjeldahl flask with H2SO4. Neither hydrogen 
peroxide nor other peroxides should be added, as they may give 
rise to the formation of molecular oxygen in the later stages of the 
procedure. The ammonia is distilled in an ordinary micro-Kjel- 
dahl apparatus into dilute acid, and back titration gives the total 
amount of nitrogen present in the compound. After titration, 
the solution is made acid again and brought to a volume of 1 to 3 
cc. 

Conversion of Ammonia into Nitrogen — The reaction is carried 
2 NH 4 + + 20H~ -f 3NaOBr N 2 + 3NaBr + 6HfO 

out in the evacuated apparatus shown in Fig. 1. 

The solution containing the ammonium salt is placed in A, and 
an excess (about 5 cc.) of a strongly alkaline hypobromite solu- 
tion placed in B. A dry ice bath is placed around the trap C, 
and the apparatus evacuated by a diffusion pump. The air dis- 
solved in the solutions in A and B is removed during this evacua- 
tion. After about 2 minutes of pumping, the stop-cock between 
the system and the pump is closed and the vacuum tested. 

The vessel B is rotated on the ground joint so that the hypo- 
bromite solution flows into A . The evolved nitrogen is pumped by 
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the Toepler pump F into tube E. This is closed at the upper end 
by the capillary G (the "break seal”), the use of which is described 
later. When dl the gas is transferred to tube E, it is sealed off 
from the system. The sample is now ready to be connected with 
the inlet tube of the mass spectrometer. 

Admission of Gas to Mass Spectrometer — The tube E with the 
break seal G is attached to the glass system shown in Fig. 2, which 
is connected with the mass spectrometer. It consists of (1) the 
very fine capillary A through which the gases enter the vacuum 



Fio. 1. Apparatus for the liberation of nitrogen 

tube which holds the mass spectrometer, (2) the U-trap B wMch is 
immersed in liquid nitrogen to freeae out impurities, (3) the stop- 
cock C which isolates the mass spectrometer when air is admitted 
to the remainder of the glass aystem, (4) the open end manometer 
D, (6) the automatic Toepler pump F employed to pump very 
small gas samples from the right part of the system to the left 
which holds the capillary, and (6) the five stop-cocks f to 5 to 
which the tubes E containing the gas samples are sealed. Before 
they are attached to the system, an iron rod H, 5 mm. in diameter 
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and 15 mm. long, ia carefully placed on top of the capillary 0. 
The flask J contains normal nitrogen for testing the apparatus by 
measuring the normal abundance of 
The glass system is evacuated by diffusion pump through stop- 
cock K. After this is closed, 20 mm. pressure of normal nitrogen 
are admitted from J. The isotope ratio of the normal nitrogen sam- 
ple is now determined as described later and if the correct value of 
135 is obtained, the unknown samples attached to stop-cocks 7 to 6 
are admitted in the following maimer: After the normal nitrogen 
is evacuated through K, this is closed and the break seal 0 is 



Fio. 2. Inlet to mass spectrometer 


broken by lifting and releasing the iron rod H by means of a 
magnet handled from outside. After G is broken, the gas pres- 
sure behind the capillary leak A is adjusted to 20 mm., the Toepler 
pump F being used. The isotope ratio of the unknown sample is 
now determined as described later. After at least three measure- 
ments on the gas sample, it is pumped out through K. The ap- 
paratus is now ready for the next analysis, and another sample 
may be admitted. 

MeasuremerU of Isotopic Composition — ^The particular mass spec- 
trometer which we have constructed is modeled after the one de- 
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scribed by Bleakney.‘ A simpMed schematic diagram is shown in 
Fig. 3. The metal apparatus is placed in a glass tube which is 
continuously evacuated by a large diffusion piunp. The heated 
filament B emits electrons which are drawn to plate C by a positive 
potential.^ About half of these pass through the very narrow slit 
in plate C to give a thin ribbon of electrons D. After passing 
through the slit in C the ribbon of electrons passes between plates 
E and F, In this region the electrons strike and ionize the mole- 
cules of the gas which have been admitted into the spectrometer 
tube through the very fine capillary A (shown in Fig. 2). Those 
electrons which do not strike a gas molecule pass through the slit 
in the box G and strike plate H, where they are absorbed and con- 
ducted back to the filament B. The number of electrons which 



strike plate H is measured by a galvanometer in the return circuit. 
The total ionization in the region between plates E and F is pro- 
portional to the electron flow; i.e., the current, through the gal- 
vanometer. This is kept constant by controlling the temperature 
of tiie emitting filament B. 

In the region between plates E and F the electrons create a 
ribbon of positive ions coincident in space with the electron beam. 
When they strike a molecule N“N“, they form a sin^y chari^ 
ion of mass 28, while when they strike an N“N“ molecule, they 
form one of mass 29. These ions are drawn out of the generating 

> Bleakney, W. M., Physic. Rev., M, 157 (1929); 40, 496 (1932). 

■Additional plates present in the instrument are omitted from the 
diagram. x 
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region by a small negative potential on plate P, pass through 
the slit in this plate, and are then accelerated by a negative poten- 
tial V on plate J which is under the control of the operator. The 
accelerated ions pass through a narrow slit a in plate J, The whole 
spectrometer is immersed in a magnetic field parallel to the direc- 
tion of the electron beam and of constant intensity h. Under these 
conditions the path of the ions is a circle. The radius of the orbit 
is given by 



where m is the mass of the ion, e is the charge of the ion, V is the 
negative potential on plate /, and h is the strength of the magnetic 
field. 8 cm. from the slit a in plate J is another slit t, behind which 
is a highly insulated collector plate, K. The only ions which 
can reach plate K are those which have an orbital radius of 4 cm. 
Since V is under the control of the operator, he can cause an ion 
of any mass to reach plate K. In practice all the quantities of 
Equation 1 are constant, with the exception of V and m. Equa- 
tion 1 therefore reduces to 

mV *■ constant (2) 

The constant for our spectrometer when m is expressed as the 
molecular or atomic weight and V in volts it about 1800. When 
V is set at 100 volts, particles of mass 18 can reach plate Kj while 
to direct particles of mass 19 to it, V must be set at 94.7 volts. 
The ion current reaching plate K is proportional to the number of 
ions striking it, and, therefore, a measurement of this current 
directly determines the number of such ions present. 

The current reaching plate K passes through a resistance of 
2.4 X 10® ohms, and the voltage developed across it is measured by 
a very sensitive vacuum tube voltmeter. During the analysis of a 
normal nitrogen sample a current of the order of 10~^^ ampere 
(6 X 10^ ions per second) reaches plate K when the ions of mass 
29 are collected, while a current 135 times greater reaches 

it when ions of mass 28 are being collected. The vacuum 

tube voltmeter is sensitive to 10“® volt, which corresponds to an 
ion current of 10“^^ ampere. 

The mass spectrometer can be employed to determine the iso- 
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topic composition of any gas. It will detennine the abundance 
ratios of the various molecules present in nitrogen 
N«N«), hydrogen chloride (HC1«, HC1«^ DC1«, DC1»0, carbon 
dioxide 

C 180 W 018 ), etc. 

Our spectrometer covers the range from mass 16 to about mass 
76. In Fig. 4 typical curves of normal tank nitrogen are given in 



which the ion current is plotted against the accelerating voltage 
(or mass). Curve a was obtained with the amplifier set at 1/1000 
of its maximal sensitivity. The peak obtained at 69.5 volts (mass 
28) is due to the ions No ion peak is noticeable on this 

curve at mass 29 (N^^N'®), as its intensity is only 1/135 of that 
given by mass 28. If the sensitivity of the amplifier is increased 
100-fold (by changing to one-tenth its maximal sensitivity), one 
obtains Curve b. The peak due to mass 29 (67.1 volts), as 
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well as the beginning of the peak due to mass 28, is observable. 
The ratio of the intensities of the ion currents (abundance 
ratio of the molecules can be converted into atom 

per cent of by the formula 


100 

2R+ 1 


( 3 ) 


where P is the atom per cent of and R the ratio just mentioned. 
When R is 135, then P is 0.368 atom per cent. 

Effects of Impurities — Before analysis is begun, the spectrum 
given by the evacuated instrument is examined. No peaks ex- 
cept that given by water (mass 18) should appear. The presence 
of other peaks is evidence of impurities in the vacuum tube. They 
are removed by heating the evacuated tube. 

The gas sample to be analyzed is passed, before it enters the 
vacuum, through a trap cooled with liquid nitrogen, which removes 
all condensable impurities. The only troublesome impurity which 
can pass the trap is air, which may have entered through a leak 
in any of the glass vessels in which the gas has been handled. 
The nitrogen of the air would dilute the sample. The presence of 
air immediately becomes apparent during the analysis, since the 
oxygen sharply lowers the electron emission of the filament. The 
presence of a peak of mass 32 (oxygen molecules) and mass 40 
(argon) in the spectrum is further proof. Samples showing these 
peaks are discarded. In all analyses a search for peaks other than 
those of masses 28 and 29 is routinely carried out. 

Sensitivity of Instrument — On the basis of over forty analyses of 
ordinary nitrogen performed at least in triplicate as well as more 
than 100 analyses of nitrogen samples obtained from organic 
compounds, most of which had an excess of we conservatively 
estimate the error of a determination of the atom per cent to 
be of the order of 1 per cent. 

Our instrument has given for the concentration of in ordi- 
nary (tank) nitrogen a value of 0.368 per cent with an average devi- 
ation of 0.003 per cent. This value is not corrected for the frac- 
tionation which occurs during the passage of the isotope mixture 
through the fine capillary A (Fig. 2). This small error does not 
affect our work, since it is a constant of our instrument and enters 
all analyses in the same fashion. 
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Error of Analysis of Isotopes in Organic Compounds 

The total error of the analyses of nitrogen from organic material 
is slightly higher than the sensitivity of the mass spectrometer. 
This is due to a slight dilution of the nitrogen liberated from the 
compounds with the nitrogen of ammonia present as impurities 
in the reagents employed (H2SO4, NaOH, etc.). This error be- 
comes higher when the amount of nitrogen taken for analysis is 
small. In our work sufficient nitrogen was taken for analysis to 
keep the dilution below 3 per cent. An error of this kind does not 
interfere at all with biological work. 

SUMMARY 

The determination of the nitrogen isotope in organic com- 
pounds with a mass spectrometer is described. 

The authors wish to express their gratitude to Dr. Harold C. 
Urey and to Dr. M. Fox for their advice during the construction 
of the mass spectrometer. 
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The starting material for amino acid synthesis was ammonium 
salt (chloride or nitrate) containing isotopic nitrogen. The salt 
was kindly supplied to us by Dr. Harold C. Urey (1). Various 
ammonia preparations were used, the nitrogen of which contained 
an excess of from 0.22 to 6.65 per cent N“ above normal. For 
synthetic work with the isotope the usual laboratory procedures 
could not be employed. All the known methods had been worked 
out with the aim of obtaining good yields when calculated for 
the carbon chain, while the recovery of the nitrogen was neglected. 
In work with the isotope the nitrogen is always of incomparably 
higher value than that of even the most complex carbon chain. 
The synthesis must be directed in such a way that all nitrogen 
employed is recovered either in the form of amino acid or as am- 
monia. Reactions which lead to nitrogenous side products must 
be avoided. The common synthesis of amino acids by treating 
the a-bromo acid with a*large excess of ammonia (50 to 70 moles) 
(2) is not practicable for our purposes. 

We have modified two known procedures: A, the catalytic 
hydrogenation of a-keto acids in the presence of ammonia as 
described by Knoop and Oesterlin (3) ; B, the coupling of a-bromo 
esters with potassium phthalimide as described by Gabriel and 
Kroseberg (4). 

Procedure A — 

R— C— COOH + NH, -5*-. R— c— COOH + H,0 

II I 

O NH, 

* This work was carried out with the aid of a grant from the Josiah 
Macy, Jr., Foundation. 
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By the general method of Knoop and Oesterlin, the reduction of 
the keto acid was carried out in 50 per cent alcohol with palladium. 
For the reduction of monocarboxylic keto acids 2 equivalents of 
ammonia must be used, 1 for the carboxyl, and 1 for the keto 
group; for the dicarboxylic keto acids 3 moles of ammonia are 
necessary. After the reaction, the ammonia not present as amino 
nitrogen was recovered quantitatively by distillation; with the 
dicarboxylic acids, the addition of barium hydroxide is necessary. 
No nitrogenous side products were observed in the reaction, and 
the amino acids obtained were in all cases sufficiently pure without 
recrystallization. The yields, even when calculated on the basis 
of the keto acid, were good except in the preparation of alanine 
and aspartic acid, in which losses were most probably due to the 
formation of some hydroxy acid. Even in these preparations no 
appreciable amount of isotopic nitrogen was lost. 

The following racemic amino acids containing isotopic nitrogen 
have been prepared in this way: alanine, norleucine, phenyl- 
alanine, t)Tosine, glutamic acid, and aspartic acid. 

Procedure B — ^The phthalimide procedure has been modified 
in such a way that it fulfils the same requirements as Procedure A; 
namely, no loss of the isotopic nitrogen. It was employed for 
the S 3 nithesi 8 of amino acids which could not easily be obtained 
by Procedure A, such as glycine, deuteroleucine, and lysine.^ 

The first step, the preparation of isotopic phthalimide, involves 
no loss of ammonia. In contrast to earlier workers (5), we have 
used only 1 mole of ammonia for 1 mole of phthalic acid (instead of 
phthalic anhydride) without a decrease in|;he yield of phthalimide. 
Small amounts of nitrogen present in the mother liquors of the 
phthalimide or potassium phthalimide can be recovered quan- 
titatively in the form of ammonia after alkaline hydrolyTsis of the 
imide remaining in solution. 

The coupling of the bromo ester with potassium phthalimide 
requires a temperature of 150° in the preparation of glycine, but 
higher temperatures are necessary in the case of amino acids of 
higher molecular weight (up to 200°). At this temperature some 
hydrobromic acid is split off from the bromo ester, giving rise to 
free phthalimide. The nitrogen which thus is not used for the 
formation of amino acids can be recovered by alkaline treatment 

1 The preparation of isotopic lysine will be described later. 
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of the mother liquors. In some cases the addition of cupric oxide 
catalyzed the coupling reaction, so that the temperature could 
be decreased, and a better yield secured. 

According to Gabriel the hydrol3rsis of the phthalimino ester 
is carried out either with concentrated hydrochloric acid at 180® 
in a closed tube, or by a two-step hydrolysis, first with 1 mole of 
alkali, then with concentrated hydrochloric acid at 100®. The 
first procedure involves the danger of breakage of the pressure 
tube, and the second method, loss in the isolation of the inter- 
mediate free phthalimino acid. The one-step hydrol3n3is by 
refluxing with a mixture of acetic acid ‘and hydrochloric acid, 
described by Ratner and Clarke (6) for the preparation of thia- 
zolidine, has also proved to be valuable for our purpose. In the 
case of glycine the yield of amino acid in this last step is 98 per cent. 

Procedure C. Preparation of Amino Acids Containing Both 
Isotopes D and — For reasons discussed in Paper I of this series 
(7) methods had to be devised for the preparation of amino acids 
which contain carbon-bound deuterium in addition to We 
have prepared dWeucine with both isotopes, by a method which 
is also applicable to other amino acids. 

Kinney and Adams (8) have described the preparation of 
leucine-/3,7-d2 by hydrogenating isobutenal diethyl acetal with 
deuterium gas. This procedure could not be employed for our 
purpose, as the introduction of nitrogen into the starting material 
as well as the subsequent steps would lead to considerable loss 
of the nitrogen isotope. 

A procedure has recently been described for the preparation of 
fatty acids containing stably bound deuterium (9), by treatment 
of ordinary fatty acids with heavy water at high temperature in 
the presence of active platinum and alkali. This method cannot 
be directly applied to amino acids. For reasons still obscure 
only very small amounts of stable deuterium were introduced into 
amino acids when treated under the same conditions. We have, 
therefore, prepared the isotopic leucine by first introducing deu- 
terium into the corresponding fatty acid, isocaproic acid. This 
was brominated in the a position and the bromo ester was treated 
with potassium phthalimide (N^®) according to Procedure B. 
Despite the drastic conditions to which the deuteroisocaproic 
acid was subjected in the course of the preparation, the resulting 
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leucine contained 3.87 atom per cent deuterium in addition to 
6.49 atom per cent excess, a new indication for the high sta- 
bility of the carbon-bound hydrogen in this amino acid (10). 

EXPBRIMSNTAL 

Procedure A. Hydrogenation of a-Keto Adds in Presence of 
Ammonia According to Knoop and Oesterlin — Each step of the 
procedure has been devised with the aim of avoiding loss of the 
isotopic nitrogen and of recovering all excess in the form of am- 
monia. Care had to be taken to avoid dilution of the isotopic 
ammonia with ordinary ammonia. The nitrogen of the amino 
acid obtained had in all cases practically the same isotopic con- 
centration as that of the ammonia with which the reaction was 
started, indicating that no dilution of the isotope had occurred. 

In order to obtain good yields of amino acids it is necessary 
to use a large quantity of active palladium (3 to 4 gm. for the 
reduction of 0.05 mole of keto acid). With smaller amounts, 
a slower reduction and a presumably increased production of 
hydroxy acid occur. As the temperature of the reaction should 
not exceed 20®, during the warm season the reaction bottle was 
cooled by wrapping it with a wet cloth. 

All distillations of ammonia were carried out in a stream of 
inert gas to avoid bumping and to insure a smooth distillation. 
As elementary nitrogen does not exchange with ammonia (11) 
under the conditions of our experiments, nitrogen gas from a 
cylinder was used for the purpose. 

Distillation of Isotopic Ammonia — ^The isotopic ammonia is 
generated from ammonium nitrate or chloride by means of strong 
alkali and distilled directly into the hydrogenation vessel where 
it is absorbed by 95 per cent alcohol cooled with solid COj. The 
600 cc. hydrogenation flask A (Fig. 1) has an interchangeable 
glass joint B and a long side arm C. For the hydrogenation as 
described below, B is closed with a glass stopper and the flask 
is shaken in a special apparatus in which the side arm C serves 
as the axis. 

The ammonia is liberated in the 100 cc. modified Claisen flask 
D containing 40 cc. of 10 n NaOH. The arm H is fitted with a 
condenser to prevent water from distilling into A. The other arm 
of D is equipped with a dropping funnel E and a gas inlet tube F. 
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The hydrogenation flask A contains 3 to 4 gm. of palladium black 
suspended in 95 per cent alcohol. The distilling tube 0 which 
is fitted into the flask A at the glass joint B and into flask D at 
the joint H, extends under the liquid in A, The arm C is con- 
nected with the gas . wash bottle I containing dilute H2SO4 to 
recover any ammonia not absorbed in ^4. A slow stream of 
nitrogen gas is bubbled through the system by means of tube F 
so as to minimize pressure differences during the absorption and 
to prevent the sucking back of liquids in A and /. 

Flask A is cooled with solid carbon dioxide and flask D gently 
heated to boiling with a microburner. A concentrated solution 
of the ammonium salt containing the isotopic nitrogen is slowly 



Fio. 1. Apparatus for distillation of isotopic ammonia 


added through the dropping funnel E, Heating is continued until 
all NH3 has been driven over into A, The arm G is then removed 
and the tip rapidly rinsed with a few cc. of alcohol through /. 
The a-keto acid in 70 cc. of H*0 per 0.1 mole is rapidly added to 
A, which is cooled with dry ice. B is closed with a glass stopper 
and the flask connected with the hydrogenation apparatus. 

Hydrogenation — ^The hydrogenation apparatus (Fig. 2) is de- 
signed to permit the maintenance of a suflBcient gas pressure 
(slightly below atmospheric) for rapid hydrogenation without the 
use of any liquid in the hydrogen reservoir. It consists of the 
5 liter gas storage bulb B and a manometer (7. The hydrogen tank 
is connected at D and a vacuum pump at the 3-way stop-cock B. 
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Bulb B and the g^ass tubes between E and D are evacuated and 
filled with hydrogen. D is closed, and E is connected through 
a rubber tube with the hydrogenation flask A which is still cooled 
with solid COj. The air in .4 is then displaced by a stream of 
hydrogen which finally passes through a wash bottle containing 
H2SO4 to absorb any ammonia carried over with the hydrogen. 
The flask A is quickly stoppered with a glass stopper, D closed, 
and the cooling of A discontinued. After the reaction mixture 
has attained room temperature, shaking is begun. The hydrogen 



uptake can be calculated at any time from the change of pressure 
in the system, the volume of which is known. During the re- 
action the pressure is increased from time to time to just below 
atmospheric by adding hydrogen through D. 

Recovery of Excess Ammonia — ^After hydrogenation is completed, 
all the excess ammonia is removed by distillation before isolation 
of the amino acid. The reaction flask A is again cooled with dry 
ice and connected with a condenser B, an adapter C, and the acid 
trap D (Fig. 3). A side arm E is added which provides for the 
addition of alcohol and the entrance of nitrogen gas. The re- 
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action flask is heated on a steam bath and alcoholic ammonia 
distilled over into the acid trap 2> in a stream of nitrogen until 
the distillate is neutral. Several additions of alcohol are necessary. 
Enough hot water is added to dissolve the amino acid and the 
catalyst is filtered off. The amino acid is isolated from the filtrate 
by appropriate means. 

In the preparation of the monoaminodicarboxylic acids it is 
necessary to add a fixed base for complete recovery of ammonia. 
If the amino acid can be heated in the presence of alkali, as is 
the case with aspartic acid, 2 equivalents of Ba(OH )2 are added 
to the hydrogenation flask and the ammonia distilled off as de- 



Fig. 3. Apparatus for recovery of isotopic ammonia 


scribed above. When heating must be avoided, as in the case 
of glutamic acid, the distillation is carried out under reduced 
pressure, with the precautions described below. 

Alanine — 2.2 gm. of freshly distilled pyruvic acid were hy- 
drogenated with 0.05 mole of ammonia containing 1.97 atom per 
cent excess. 1.49 gm. of alanine (68 per cent of the theoretical 
amount) were obtained by precipitation with alcohol. 

N (Kjeldahl) found 16.62 per cent; calculated 15.73 per cent. 

It contained 1.87 atom per cent excess. 

Phenylalanine — 1.64 gm. of phenylpyruvic acid prepared by 
condensation of benzaldehyde and acetylglycine according to 
Shemin and Herbst (12) were reduced in the presence of 0.02 
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mole of ammonia containing 1.97 atom per cent excess. The 
product crystallized during hydrogenation. 1.38 gm. (84 per 
cent of theory) were obtained. 

N (Kjeldahl) found 8.55 per cent; calculated 8.49 per cent. 

It contained 1.89 atom per cent excess. 

Tyrosine — 6.63 gm. of p-hydroxyphenylpyruvic acid prepared 
according to Dakin (13) were reduced in the presence of 0.074 
mole of ammonia containing 1.97 atom per cent excess. The 
tyrosine precipitated during hydrogenation. 5.51 gm. (82.8 per 
cent of theory) were obtained. 

N (Kjeldahl) found 7.67 per cent; calculated 7.74 per cent. 

It contained 2.04 atom per cent excess. 

Norleucine — A solution of 56 gm. of a-bromo-n-caproic acid in 
400 cc. of water and 56 gm. of sodium carbonate was boiled for 
30 minutes over a free flame. The mixture was acidified, ex- 
tracted with ether, and the ether brought to a small volume. On 
the addition of ligroin, a-hydroxycaproic acid crystallized out in 
shiny plates. After one recrjrstallization the material melted 
at 59.5-60.5° (14). The yield was 25.6 gm. or 70 per cent of 
theory. The ethyl ester was prepared by refluxing with absolute 
ethyl alcohol and concentrated sulfuric acid. 

23 gm. of hydroxy ester were dissolved in 200 cc. of glacial 
acetic acid and a solution of 10 gm. of chromic oxide in 50 cc. of 
50 per cent aqueous acetic acid was slowly added with cooling 
and stirring. The mixture was allowed to stand overnight at 
room temperature, diluted with water, and extracted several 
times with ether. The ether extracts were washed with aqueous 
sodium carbonate, and dried with sodium sulfate; the ether was 
removed by distillation. The residual oil was distilled in vacuo 
at 4 mm. The fraction boiling at 55-65° amounted to 18 gm. 
or 79 per cent of theory. 

The a-keto ester was saponified at room temperature with 1 
equivalent of NaOH and the free acid isolated, after acidification, 
by extraction with ether. After removal of the ether the residual 
oil was distilled; b.p. 94-96° at 15 mm. Yield 5.9 gm. or 40 per 
cent of theory. 

1.40 gm. of a-keto-n-caproic acid were reduced in the presence 
of 0.02 mole of ammonia. Norleucine precipitated during the 
hydrogenation. Yield 1.02 gm., 73 per cent of theory. 



R. Schoenheimer and S. Ratner 


309 


N (Kjeldahl) found 10.78 per cent; calculated 10.68 per cent. 

It contained 1.90 atom per cent excess. 

Aspartic Acid — 2 gm. of oxalacetic acid prepared according to 
Wohl and Claussner (15) were reduced in the presence of 0.45 
mole of ammonia. Yield 0.88 gm., 44 per cent of theory. 

N (Kjeldahl) found 10.40 per cent; calculated 10.53 per cent. 

It contained 1.80 atom per cent excess. 

GliUamic Acid — 7.30 gm. of a-ketoglutaric acid prepared ac- 
cording to Neuberg and Ringer (16) were reduced in the presence 
of 0.15 mole of ammonia. About 150 cc. of alcohol were added, 
the mixture was cooled to —60®, and the solution decanted from 
the catalyst into a Claisen flask connected with two traps con- 
taining dilute sulfuric acid. An excess of barium hydroxide was 
added to the mixture and the ammonia distilled into the traps 
in vacuo at 25"30®. The free amino acid was isolated from the 
barium salt in the usual manner. Yield 6.19 gm., 84.2 per cent 
of theory. 

N (Kjeldahl) found 9.31 per cent; calculated 9.52 per cent. 

It contained 1.95 atom per cent N^® excess. 

Procedure B. Synthesis of Amino Acids with Potassium Phihcdr 
imide. Preparation of Potassium Phthalimide — Ammonia from 
0.40 mole of isotopic ammonium salt in 200 cc. of water was 
slowly liberated by addition of potassium hydroxide in a Claisen 
flask as shown in Fig. 1 and distilled with a stream of nitrogen into 
a suspension of 68 gm. of phthalic acid (0.41 mole) in 200 cc. of 
water. The flask containing the suspension was also connected 
with a gas wash bottle containing H2SO4 to collect any ammonia 
not absorbed by the phthalic acid. Finally about 100 cc. of 
water were distilled over from the Claisen flask. By this time the 
ammonium hydrogen phthalate was all in solution. The solution 
was transferred to a 1 liter round bottom flask which had a neck 
75 cm. long and 1.6 cm. wide. At a point 10 cm. from the upper 
end of the neck a side arm, 12 mm. internal diameter, is attached. 
This is bent at right angles 25 cm. from the flask and is then 
jacketed with cold water. The lower end of the side arm enters 
a suction flask, to the side arm of which is attached a bulb and 
a trap containing dilute sulfuric acid. After most of the water 
had been distilled over with a flame, the reaction mixture was 
heated in a metal bath and the temperature slowly raised to 
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200® until all the water was removed. The temperature was 
then slowly raised to 300®. When the vigorous reaction was 
complete, the flask was cooled, the neck was cut off, and the 
phthalimide removed with cold absolute alcohol. Yield 66.4 
gm., or 96 per cent of theory. 

The potassium salt was prepared as described by Salzberg and 
Supniewski (17). The yield was 92 per cent. 

Recovery of Ammonia — The alcoholic mother liquors from the 
preparations of phthalimide and potassium phthalimide were 
combined with the contents of the acid traps. An excess of 
alkali was added and the ammonia distilled into sulfuric acid. 
4 hours of boiling were necessary. The recovery of isotopic 
nitrogen was quantitative. 

Glycine — 18.6 gm. of the isotopic potassium phthalimide and 
14 gm. of ethyl chloroacetate were heated for 2 hours at 150®. 
The reaction product was extracted with 150 cc. of absolute alcohol 
and treated with charcoal. After being concentrated and cooled, 
the solution yielded 21.2 gm. of ethyl phthalimidoacetate, m.p. 
114®, or 91 per cent of the theory. The nitrogen of the mother 
liquor was quantitatively recovered as ammonia, by treatment 
with strong alkali. 

15.2 gm. of the phthalimide ester were refluxed for 2§ hours with 
a mixture of 68 cc. of concentrated hydrochloric acid, 68 cc. of 
glacial acetic acid, and 68 cc. of water. A fraction boiling below 
108® was distilled off with the aid of a fractionating column and 
boiling was continued under a reflux for 12 hours. After cooling, 
the phthalic acid was filtered off and the filtrate brought to dryness 
in vacuo. The residue was extracted with a small amount of cold 
water. The solution was diluted, treated with silver carbonate, 
and filtered. The filtrate was treated with hydrogen sulfide, 
filtered, and brought to a very small volume. The glycine pre- 
cipitated with alcohol weighed 6.01 gm., 98 per cent of theory. 

Three samples of glycine were prepared by this method, con- 
taining 0.226, 1.09, and 6.70 atom per cent excess respectively. 

Preparation of Deuteroleucine — Commercial isocaproic acid 

contains appreciable amounts of the isomers n-caproic acid and 
ethylmethylpropionic acid which are difficult to remove and give 
rise to leucine contaminated with nofleucine and isoleucine. The 
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pure compound was, therefore, prepared from isobutyl alcohol 
(b.p, 106.8-107.5®) by the malonic ester method (18). 

Deuteroisocaproic Acid — 12 cc, of 56 per cent D 2 O and 4.5 gm. 
of Pt 02 'H 20 were placed in each of two 100 cc. round bottom 
flasks and the platinum oxide was reduced with deuterium gas. 
20.3 gm. of isocaproic acid and 0.9 gm. of KOH were added, and 
the flasks sealed and shaken for 12 days at 125-130'^. The flasks 
were opened, the contents acidified with phosphorus pentoxide, 
extracted with petroleum ether, and the residue distilled at atmos- 
pheric pressure. It boiled at 200.2®. 

EthyUeutercha-BroTnoiaocaproate — 76 gm.' of deuteroisocaproic 
acid and 26.4 gra. of dry red phosphorus were treated with 408 
gm. of bromine in the usual manner. The excess bromine was 
distilled off and the reaction mixture treated with absolute ethanol. 
The mixture was extracted with ether, and the solution washed 
with dilute aqueous NaHCOs, dried with Na 2 S 04 , and the ether 
removed by distillation. The residual liquid was distilled in 
vacuo. It boiled at 83-84® (9 to 10 mm.); the yield was 103 gm. 

Deuterokucine (N^^) — 8 gm. of cupric oxide and 49.5 gm. of 
potassium phthalimide (0.27 mole) were ground together in a 
mortar and treated under a reflux with 66 gm. (0.30 mole) of 
ethyldeutero-a-bromoisocaproate in a metal bath at 200® for 
3J hours. The product was exhaustively extracted with hot 
ligroin. The ligroin and the unchanged bromo ester were removed 
by distillation. 

The residual oil, consisting chiefly of ethyl-a-phthaliminoiso- 
caproate was hydrolyzed, without further purification, by re- 
fluxing for 4 hours with a mixture of 130 cc. each of glacial acetic 
acid, concentrated hydrochloric acid, and water. The condenser 
was then replaced by a fractionating colunm and the homogeneous 
mixture was slowly distilled until the vapor temperature had risen 
to 105®. Refluxing was resumed for 10 hours longer. When 
cold, the phthalic acid was removed and the filtrate concentrated 
to a small volume in vacuo. A second crop of phthalic acid was 
filtered off and free leucine isolated from the filtrate after treatment 
with silver carbonate in the usual manner. The yield was 25.4 
gm., or 72 per cent of theory. 

N (Kjeldahl) found 10.57 per cent; calculated 10.68 per cent. 
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It contained 6.49 atom per cent excess and 3.87 atom per 
cent deuterium. 

The nitrogen from the mother liquors of the amino acid prep- 
arations was recovered quantitatively as ammonia by subjecting 
the residues to the Kjeldahl procedure. 

SUMMAKY 

1. Methods are described for the preparation of amino acids 
containing nitrogen and hydrogen isotopes. 

2. Two methods have been used fpr the synthesis of amino 
acids containing an excess of the nitrogen isotope starting 
with isotopic ammonia: Procedure A, the hydrogenation of a-keto 
acids in the presence of ammonia according to Knoop and Oester- 
lin, and Procedure B, the phthalimide procedure of Gabriel and 
Kroseberg. Both methods have been modified with the aim of 
obtaining a quantitative recovery of the isotope and avoiding 
a dilution with ordinary nitrogen. 

3. The following isotopic amino acids were prepared: dU 
alanine, dZ-phenylalanine, di-tyrosine, di-norleucine, di-glutamic 
acid, and di-aspartic acid, all containing an excess of about 1.9 
atom per cent N^®, as well as three glycine preparations with an 
excess of 0.226, 1.09, and 6,70 atom per cent respectively. 

4. dZ-Leucine is described containing 6.49 atom per cent N^® 
excess as well as 3.87 atom per cent deuterium bound to carbon. 
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STUDIES IN PROTEIN METABOLISM 
IV. THE STABILITY OF NITROGEN IN ORGANIC COMPOUNDS* 

By albert S. KESTON, D. RITTENBERG, and 
RUDOLF SCHOENHEIMER 

(From the Department of Biological Chemistry^ College of Physicians and 
Surgeons f Columbia University ^ Njsw York) 

(Received for publication, October 3, 1938) 

In work with deuteriuin as an indicator for the metabolism 
of organic compounds only substances could be employed in which 
the deuterium atoms were stably bound to the carbon chain of 
the molecule. 

For the same reason nitrogen isotopes can be used for tracing 
amino acids in the organism only if the carbon-nitrogen linkage 
in amino groups is stable. If this nitrogen were exchangeable 
with other nitrogen, this would considerably restrict the biological 
application of the nitrogen isotope, as it might lead, by mere 
exchange, to a random distribution of the isotope in all amino 
acids of the animal. 

The use of isotopes is the only direct method to investigate 
exchange reactions. The application of the oxygen isotope 
has shown the oxygen of ketones to exchange readily with that of 
water though that of OH groups in organic compounds is stable 

(1) . The iodine in methyl iodide exchanges with iodine ions in 
aqueous solutions (determined by the use of radioactive isotopes) 

(2) though the halogen in organic compounds of higher molecular 
weight is stable. 

From the data of Urey and collaborators (3) and from our own 
experience it appears certain that gaseous nitrogen does not 
exchange with the nitrogen of ammonia. Isotppic ammonia has 
been heated in the presence of air, and nitrogen gas has been 
bubbled through boiling ammonia solutions (4), but no dilution 

* This work was carried out with the aid of a grant from the Josiah 
Macy, Jr., Foundation. 
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of the isotope in the ammonia was observed. The same is true 
for the nitrogen in amino acids and in hippuric acid. Peptides 
presumably behave in the same way. We have not excluded air 
in the course of the organic preparations and have never observed 
a decrease of the isotope content in these substances.^ 

For further investigation of the stability of nitrogen in organic 
compounds pairs of two different substances, only one of which 
contained an excess of isotope, were treated together in aqueous 
solution at various temperatures. At the end of the treatment 
that component was isolated which at the beginning had normal 
nitrogen. If an exchange reaction had occurred, it would have 
become apparent by the increased isotope content. We have, 
for methodological reasons, preferred to isolate the normal com- 
ponent of the system rather than the isotopic one. If the isotopic 
compound were analyzed, an accidental contamination with air of 
the nitrogen gas liberated would be interpreted as an exchange 
reaction. 

The results are given in Table I. 

The values obtained from all experiments with the exception 
of Experiments 5 and 9 are within the limit of error of the analyti- 
cal procedure. They show that no appreciable exchange occurs 
in the system: (1) amino acid and ammonia (Experiments 1 to 3), 
(2) amino acid-amino acid (Experiment 4), (3) hippuric acid- 
amino acid (Experiments 6 and 7), (4) urea-amino acid (Experi- 
ment 10). The small increase of in Experiment 5 is most 
probably due to a slight contamination (less than 1 per cent) of the 
isolated leucine by glycine and not to an exchange of their nitrogen 
atoms. It is more difficult to interpret the value 0.073 atom per 
cent in Experiment 9. It is a well recognized fact that aqueous 
solutions of urea, when heated, form equilibrium mixtures which 
contain ammonium and cyanate ions. In this reaction the pres- 
ence of isotopic anamonia must inevitably result in the formation 
of isotopic urea. Under the conditions of our Experiment 9 
(1 hour at 100®), the reaction is known to be slow. At 37® (Experi- 
ment 8) no exchange was observed; in Experiment 9 the urea 

^ The nitrogen atoms of NH4'^ and NOr do not exchange either. Urey 
and collaborators have concentrated the isotope in the ammonia of am- 
monium nitrate. The isotope concentration in the ammonia did not 
decrease even with long standing of the salt in solution. 
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acquired only 10 per cent of the isotope content which it should 
have had were the isotope distributed in a random manner over 
all the components of the system. On the other hand, part of 
the excess isotope in the urea may be attributed to the inclusion 
of a trace of ammonium salt in the bulky precipitate of dixanthy- 
dryl urea. 


Table I 

Exchange Reactions of Nitrogen 
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1 

Ammonium sulfate, 13.2 

Glycine, 37.3 

0.22 

48 

106 

0.000 

2 

Glycine, 100 

Ammonium chloride. 

1.98 

104 

100 

0.004 



100 





3 

Arginine HCl, 220 

Ammonium chloride, 

1.98 

104 

100* 

0.007t 



500 





4 

Tyrosine, 248 

Glycine, 169 

0.22 

48 

106 

0.003 

5 

Leucine, 203t 

200 

1.21 

104 

100$ 

0.016 

6 

Hippuric acid, 283 

214 

0.22 

48 

60 

0.003 

7 

400 

100 

0.22 

1 

100 

0.000 

8 

Urea, 400 1| 

Ammonium sulfate, 1000 

0.22i 

48 

37 

0.000 

9 

lOOil 

** chloride, 

100 

1.98! 

1 

100 

0.073 

10 

40011 ; 

Glycine, 1000 

0.22 

40 

37 

1 

0.000 


* The medium was adjusted to pH 4.7. 

t This is the same abundance of as was found in normal arginine (5). 

t Isolated as copper salt. 

§ The medium was 0. 1 N KOH. 

II Isolated from the system with xanthydrol. 

The experiments taken together clearly indicate that the nitro- 
gen atoms in free amino acids, as well as in hippuric acid, are 
stable. The same is true for the guanido group of arginine. If 
an exchange occurs with urea, it must be a very slow reaction. 

SUMMARY 

The nitrogen atoms in amino acids, hippuric acid, and in the 
guanido group of arginine do not exchange with the nitrogen 
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of other compounds in aqueous solutions at 100®. The nitrogen 
of urea may be exchangeable, but at a relatively slow rate, even 
at 100®. 
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V. THE UXaiZATION OF AMMONIA FOR AMINO ACID AND 
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D. RITTENBERG 

(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 

(Received for publication, October 3, 1938) 

There is no doubt that animals can synthesize certain amino 
acids, the ultimate source of the nitrogen being that of the food 
protein. This process probably occurs under normal conditions, 
as the average composition of food proteins is never the same as 
that of the body proteins into which they have to be converted. 
According to the generally accepted theory, amino acid synthesis 
in the animal follows the scheme by which ammonia reacts with 
a-keto acids to form imino acids which are reduced to amino 
acids. Knoop and Oesterlin (1) have followed this reaction in 
in vitro experiments. 

O NH NH, 

II NH4OH II Ha I 

RCHaCCOOH ^ > RCHaCCOOH -f 2HaO - > RCH,CHCOOH 

According to this scheme amino acids could be formed either from 
ammonia administered directly to the animal or from that liber- 
ated by deamination of other amino acids. 

A large amount of work has been carried out on the utilization 
of ammonia for protein synthesis in animals, but the results have 
not been conclusive. Partial replacement of protein nitrogen in 
the diet of laboratory animals or ruminants by ammonia or urea 
.gave no proof of the utilization of these substances by tissue cells 
(2). Embden and Schmitz (3) by using a more direct method per- 

* This work was carried out with the aid of a grant from the Josiah 
Macy, Jr., Foundation. 
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fused organs with a-keto acids and ammonia and obtained the 
corresponding amino acids. Neber (4) treated mixtures of pyru- 
vic acid and ammonia with large quantities of tissue slices and ob- 
served a small increase of amino nitrogen above the control values. 
Although these experiments demonstrate amino acid synthesis 
by animal tissue, they offer no definite proof that the amino nitro- 
gen formed was derived from the added ammonia. In all these 
experiments the perfused organs or the tissue slices contained 
amounts of protein nitrogen (or free amino nitrogen) far greater 
than those recovered in the newly formed amino acids. The new 
amino acid could have been formed by a direct shift of the amino 
nitrogen from an amino acid to the keto acid. 

A reaction of this kind has recently been observed in in vitro 
experiments by Herbst (5). An amino acid treated with an a-keto 
acid gave rise to a new amino acid corresponding to the keto acid, 
a Schiff base being formulated as the intermediate step. Braun- 
stein and Kritzmann (6) have recently advanced strong evidence 
that the reaction studied by Herbst actually occurs in organs: 
treatment of pyruvic acid with glutamic or aspartic acid and 
minced muscle gives rise to the formation of alanine and loss of 
glutamic acid. The authors suggest that these two aminodicar- 
boxylic acids, or their corresponding keto acids, are intermediates 
in the formation of other amino acids. In contrast to the mech- 
anism for amino acid formation, discussed above, the reactions 
of Herbst and of Braunstein do not involve ammonia. 

The isotope of nitrogen can be applied to investigations of the 
r61e of ammonia in amino acid synthesis in animals. If isotopic 
ammonia is given, it will mix with the ammonia present in the 
animal organism, including that which is formed as an intermedi- 
ate product. As the animal organ does not discriminate between 
the isotopes of the same element, both the ammonia administered 
and the ammonia formed in the cell must be treated alike. If 
ammonia is used in the synthesis, the newly formed amino acid 
should contain an increased amount of isotope. As administered 
ammonia is not directly excreted in the urine, but first converted 
into urea, it is involved in metabolic reactions. As will be shown 
later, it is available also for other syntheses. 

We have carried out two exploratory experiments by feeding 
isotopic ammonia to animals under conditions in which amino acid 
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s 3 mthesis was to be expected. An adult rat was kept on a stock 
diet, the protein of which was casein. This does not contain ap- 
preciable amounts of glycine. About 300 mg. of benssoic acid 
were added to the diet for 10 days; this resulted in a continuous 
excretion of glycine (830 mg.) in the form of hippuric acid, for 
which an equivalent amount of glycine must have been synthe- 
sized. The diet also contained 1.2 per cent nitrogen (with 1.21 
atom per cent excess) in the form of ammonium citrate. 
The animal kept its weight and consumed the same amount of 
food as the controls on the same diet without benzoic acid and 
ammonium citrate. 

The nitrogen of the urinary hippuric acid contained a small but 
definite increase of the nitrogen isotope (0.025 to 0.046 atom per 
cent), which indicates that at least a small amount of the dietary 
ammonia was utilized for the glycine synthesis. As the dietary 
ammonia contained 1.21 atom per cent excess, about 3 to 4 
per cent of the urinary glycine wag formed by use of nitrogen of the 
administered ammonia. The creatine isolated from the carcass 
also contained a small but significant increase of the isotope. 

A similar result was obtained in the second experimental series: 
Two immature rats of 60 gm, each were kept for 5 days on a low 
protein diet (3 per cent as yeast protein) which contained 2.3 
per cent nitrogen as ammonium citrate (1.21 atom per cent N** 
excess). The animals lost weight as was expected. These un- 
physiological conditions were chosen in the expectation that the 
rats in the need of protein might synthesize at least a moderate 
amount of amino acids by utilizing the isotopic ammonia. This 
was the case. The protein nitrogen of the carcass contained a 
slight excess of above normal. 

In order to locate the isotopic nitrogen in the body constituents, 
samples of the following seven different amino acids, in addition 
to creatine, were isolated in pure state: glycine, glutamic acid, 
aspartic acid, proline, histidine, arginine, and lysine. All these 
substances, with the exception of lysine, contained a small but 
definite excess of The isotope concentration in the lySine 
was normal (Table II). 

The highest values were found in glutamic acid and in aspartic 
acid. It is interesting to note that the dicarboxylic acids, which 
according to the work of Braunstein and Kritzmann (6) seem to 
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play an especially active rdle in amino acid metabolism since they 
are intermediates in the formation of other amino acids, demon- 
strate this activity also by their high uptake of isotopic nitrogen. 
The findings on lysine and on the dicarboxylic acids are similar 
to those of the experiments in which animals were given heavy 
water (7). Glutamic and aspartic acids isolated from these ani- 
mals had the highest deuterium content, while lysine was free of 
the isotope. 

The arginine from the animals given isotopic ammonia also 
contained In order to locate the isotope in the molecule of 
this amino acid, the arginine isolated was hydrolyzed with strong 
alkali into ornithine and ammonia (8). The isotope was found in 
the ammonia, while the ornithine contained normal nitrogen. 
The isotope was thus present in the HN==CNH 2 part of the 

... I 

guanido group of the arginine. It is the same part which is 
liberated as urea by arginase,^ agd which according to the theory 
of Krebs and Henseleit (9) is potential urea and is involved in 
normal urea formation. As ammonia given to animals is always 
converted into urea, our finding on arginine is additional support 
for this theory. 

The high isotope content of the amide nitrogen of the protein 
is noteworthy. More than 10 per cent of this amide nitrogen was 
derived from the administered ammonia. According to the well 
accepted theory, the amide nitrogen in proteins is linked to the 
free carboxyl group of the combined dicarboxylic acids (as glu- 
tamine and asparagine). The result is of interest in connection 
with the finding of Leuthardt (10) that glutamine and asparagine 
may form urea independently of the ornithine cycle. The rela- 
tion of urea formation to arginine and amide nitrogen will be dis- 
cussed in a subsequent publication. 

The experiments leave no doubt as to the ability of animals to 
utilize at least a small amount of ammonia for amino acid and 
creatine formation. However, the unphysiological conditions 
employed in both series make it uncertain that we are dealing with 
a process which takes place under normal conditions. 

* We have not employed arginase for the splitting as the normal nitrogen 
in the enzyme solution would have diluted the isotope in the amino acid. 
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EXPERIMENTAL 

Feeding Benzoic Add and Isotopic Ammonia to an AduU Rat — 
A male rat of 198 gm. was kept in a metabolism cage on the fol- 
lowing diet: casein 16, corn-starch 47, lard 26, yeast 5, salt mixture 
(Osborne and Mendel (11)) 4, and sodium benzoate 3 per cent. 
After 2 days on this diet the animal received for another 6 days an 
addition of isotopic ammonia (1.21 atom per cent excess) as the 
citrate. The diet thus contained 3.5 per cent total nitrogen, of 
which 0.6 per cent was that of the isotopic ammonia. As the 
average daily food intake was 12.1 gm., the animal consumed 72 
mg. of ammonia nitrogen daily. Its weight remained constant 
(197 gm. at the end of the experiment). The urine was collected 

Table I 

Isotope Content of Compounds from Rat Given Benzoic Acid and Ammonia 
{1,21 Atom Per Cent Excess) 


The isotope concentration in the hippuric acid isolated before the feeding 
of isotopic NHa was 0.002 atom per cent excess. 


Compound 

Feeding period 

oonoentration 


dayB 

atom per cerU eseetf 

Hippuric acid 

6 

0.040 

it ti 

6 

0.038 

it it 

8 

0.043 

Body creatine 

9 

0.025 


under toluene and pure hippuric acid was isolated daily in the 
usual manner. From the urines of the 8 day period a total of 1.89 
gm. of hippuric acid, corresponding to 0.83 gm, of glycine, was iso* 
lated. For the isotope determination the samples obtained on the 
5th, 6th, and 8th days were analyzed separately. The creatine of 
the carcass was isolated as described later. The results are given 
in Table I. 

Feeding a Protein-Low Diet and Isotopic Ammonia to Immature 
Rats — Two male rats of 72 gm. each were kept in a metabolism 
cage on a diet of the following composition: corn-starch 63.75, 
lard 28.36, yeast 5.66, salt mixture (11) 2.26 per cent. To the 
diet was added 2.25 per cent of nitrogen (1.21 per cent excess) 
in the form of ammonium citrate. A sample of the total nitrogen 
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of the diet was analyzed for its isotopic composition. It contained 
0.83 atom per cent excess; i.e., about 70 per cent of the dietary 
nitrogen was present as ammonia (1.21 atom per cent N'® excess). 
The animals were kept on this diet for 5 days. They had con- 
sumed at the end of the experiment a total of 40 gm. of the diet, 
corresponding to an average of 180 mg. of ammonia nitrogen 
(1.4 gm. of N per kilo of body weight) per day. 

The average weight of the animals had dropped from 72 gm, 
to 60.6 gm.; i.e., each animal lost about 2.2 gm. per day. The 
rats were killed; the intestinal tract was removed, washed with 
water, and added to the rest of the carcasses. The combined 
material (120 gm.) after being cut into small pieces was extracted 
three times with boiling alcohol for 8 hours each. The combined 
alcohol extracts were used for the isolation of creatine as described 
later. 

Isolation of Amino Acids — The extracted carcasses were dried 
(weight 29 gm.) and boiled for 20 hours with 20 per cent hydro- 
chloric acid. The solution was made neutral to phenolphthalein 
with barium hydroxide and the precipitate filtered off, whereby 
most of the calcium and phosphates of the skeleton were removed. 
From an aliquot of the solution free ammonia was distilled off 
in vacuo for the isotope analysis of the ^^amide nitrogen. The 
remaining solution was freed of barium, and samples of the follow- 
ing amino acids were isolated by procedures previously described 
(7) : glycine, glutamic acid, aspartic acid, proline, histidine, lysine, 
and arginine. The samples were recrystallized until pure (Kjel- 
dahl analysis). 

Splitting of Isotopic Arginine —24: mg. of the arginine mono- 
hydrochloride were boiled for 6 hours with 50 per cent KOH. A 
slow stream of nitrogen gas carried the liberated ammonia into a 
receiver containing dilute H 2 SO 4 . Isotope analyses were carried 
out with the ammonia solution as well as with the alkaline solution 
containing the ornithine. 

Isolation of Creatine As Potassium Creatinine Picrate from the 
Carcasses — The alcoholic extract of the carcasses was evaporated 
to a small volume in vacuOy and the aqueous residue made acid 
(approximately 1 n) with hydrochloric acid and extracted with 
ether to remove fats. It was boiled for 4 hours to convert creatine 
into creatinine, brought to dryness in vacuo, and the residue dis- 
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solved in 300 cc. of water. It was cleared by adding a solution of 
1 gm. of lead acetate followed by NaOH until just alkaline to 
phenolphthalein; lead was removed from the filtrate by hydrogen 
sulfide. The solution was made faintly acid to Congo red with 
hydrochloric acid, and treated with 0.5 gm. of picric acid and 0.5 
gm. of potassium picrate, which were dissolved by warming. The 
crystals formed after 2 days standing in the ice box were recrystal- 
lized from 300 cc. of a solution containing 0.12 per cent of picric 
acid and 0.12 per cent of potassium picrate. In this solution at ice 
temperature potassium creatinine picrate is practically insoluble 


Table II 

Compounds from Immature Rats Given Low Protein Diet and Isotopic 
Ammonia {iJl Atom Per Cent Excess) 


Amide N 

Glycine 

Glutamic acid 

Aspartic 

Proline 

Histidine 

Lysine 

Arginine 

‘'Urea” from arginine. . 
Ornithine from arginine 
Creatine 


Nuezow 


atom per cent 

0.114 

0.050 

0.085 

0.067 

0.037 

0.012 

0.003 

0.033 

0.069 

0.004 

0.036 


and recrystallization can be repeated many times without ap- 
preciable loss. The final product, 0.703 gm. (from the second 
series), was assayed colorimetrically for its creatinine content; 
found 18.5 per cent, calculated 18.6 per cent. N (Kjeldahl after 
reduction with Sn -f HCl) found 20.8, 20.6; c^culated 20.7. 
For the isotope analysis of the creatinine a sample of the potas- 
sium creatinine picrate was freed of picric acid by suspending in 
dilute HjS 04 and extracting with ether. The anal 5 rsis was carried 
out with the aqueous solution. 

All values obtained in the isotope analyses of the compounds 
from the animals are given in Table II. 
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DISCUSSION 

All the isotope values listed in Tables I and II, with the excep- 
tion of that of lysine and ornithine in Table II, are above normal. 
The increase of is far above the limit of error discussed in 
Papers I and II of this series. 

The i8otoi)e was given to the animals in the form of ammonia 
and could not have entered the organic compounds in the animals 
by mere physical exchange, as the nitrogen in the compounds is 
stably bound. This is further shown by the negative findings on 
lysine (and on ornithine). If the presence of isotope in the amino 
acids were due to physical exchange, it should be found in all 
amino acids, including lysine, as the carbon-nitrogen linkage at 
the a-carbon atoms is the same. The isotopic nitrogen must have 
entered by a chemical reaction, either by a new formation of amino 
acids from substances with different carbon chains or by succes- 
sive deamination and amination of the same carbon skeleton (see 
discussion in (7)). 

The results of both experiments offer definite proof for the abil- 
ity of rats to utilize at least a small amount of dietary ammonia. 
They suggest that ammonia liberated from amino acids may be 
utilized for the formation of other amino acids. They do not, 
however, exclude other mechanisms, such as the direct transfer of 
nitrogen from an amino acid to a keto acid as discussed before. 

Both experiments were unphysiological. Hippuric acid forma- 
tion is a normal process in herbivorous animals, but the amount 
of benzoic acid detoxified in our first experiment is much higher 
than is ever observed normally. This fact, together with the 
peculiar conditions under which the rats were kept in the second 
experiment, leaves it uncertain whether the observed slight utiliza- 
tion of ammonia plays an appreciable r61e under normal conditions. 

SUMMARY 

1. Two experiments were carried out on the utilization of am- 
monia for amino acid synthesis in rats by feeding ammonia N^®. 

2. An adult rat was given a diet containing 16 per cent casein, 
together with benzoic acid and isotopic ammonia in the form of 
ammonium citrate. While the diet was practically devoid of 
glycine the animal excreted in the 8 day period more than 830 mg. 
of glycine in hippuric acid. At least part of this glycine must have 
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been synthesized. The nitrogen of the hippuric acid showed a 
small but definite increase of its isotope content, demonstrating 
the utilization of a small amount of dietary ammonia for glycine 
formation. 

3. Two immature rats were fed a low protein diet to which a 
large amount of isotopic ammonia was added as the citrate. Crea- 
tine, glycine, glutamic acid, aspartic acid, proline, histidine, lysine, 
and arginine were isolated from the bodies of the animals. All, 
with the exception of lysine, contained an excess of isotope, the 
highest concentration being found in glutamic and aspartic acids. 
The animals had thus utilized a small amount of the dietary am- 
monia. 

4. The ammonia liberated during protein hydrolysis (“amide 
nitrogen”) had an isotope concentration much higher than that 
of any amino acid. 

5. The arginine from the animals was hydrolyzed into ammonia 
and ornithine. The isotope was found in the ammonia, while 
the ornithine moiety had normal nitrogen. The isotope was thus 
present in the guanido group of the arginine. 

6. The isotope content in the creatine of the tissues from both 
experiments was also above normal. 

7. The experiments offer proof for the ability of rats to utilize 
at least a small amount of ammonia for amino acid and creatine 
formation. 
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STUDIES IN PROTEIN METABOLISM 

VI. HEPPURIC ACID FORMATION STUDIED WITH THE AID 
OP THE NITROOEN ISOTOPE* 

Bt D, RITTENBERG and RUDOLF SCHOENHEIMER 

(From the Department of Biological Chemistry ^ College of Physicians and 
SurgeonSy Columbia University y New York) 

(Received for publication, October 3, 1938) 

Benzoic acid when given to mammals is detoxified by being 
coupled with glycine to form hippuric acid. This reaction goes on 
even when no glycine is present in the food. Animals can supply 
more glycine for this reaction than is present in the body — 
definite proof of the ability of animals to synthesize this amino 
acid. Dietary glycine, however, increases the tolerance for 
benzoic acid (1). 

The present experiment is concerned with the question as to 
whether dietary glycine is used directly for hippuric acid formation 
or whether tissue glycine is preferably employed. The results 
show that even when an excess of glycine is supplied, animals 
utilize only a very limited amount of the exogenous amino acid 
for hippuric acid formation, the bulk of the glycine being supplied 
by the animal. 

The use of the nitrogen isotope has made it possible to dis- 
tinguish between food and body glycine in an animal experiment. 
If glycine is administered, the course of this amino acid can be 
followed by its isotope content. It has been shown previously (2) 
that the nitrogen in glycine is stably bound and does not exchange 
with the nitrogen of other nitrogenous compounds unless a 
chemical reaction is involved. If isotopic glycine is given and 
normal glycine isolated from the excreta, this may be taken as an 
indication that the excreted material was not derived directly 
from the food. If the excreted material contains some of the 

* This work was carried out with the aid of a grant from the Jodah 
Maoy, Jr., Foundation. 
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labeled nitrogen, the dilution factor of the isotope (ratio of the 
isotope in dietary to the isotope in urinary glycine) is a measure 
of how much of the urinary glycine was derived from the food 
and how much from the tissues. 

Adult rats Jjreviously kept on the usual stock diet were given 
300 mg. of benzoic acid either by stomach tube or by injection. 
Together with the benzoic acid an excess of glycine (2 moles 
of glycine per mole of benzoic acid) was administered. The 
urinary hippuric acid in all cases contained an excess of 
indicating that administered glycine was utilized (Table I). The 
isotope concentration in all samples of the hippuric acid was, 
however, only about one-third of that in the administered glycine. 

Table I 


Hippuric Acid Formation 


Experiment 

No. 

No. of animals 

N“ content in 
administered 
glycine 

N“ content in 
hippuric acid 

Dilution factor of 
labeled N in 
hippuric acid 



atom per eerU 
0xee*$ 

atom per cent 
exeeea 


1 

2 

0.21* 

0.08 

2.6 

2 

2 ! 

0.21t 

0.07 

3.0 

3 

5 

i.oet 

0.48 

1 2.2 


* Solution given by stomach tube, 
t Solution given by injection. 


Despite the excess of administered glycine, about two-thirds 
of the urinary glycine must thus have had another origin. The 
results do not indicate whether the glycine was taken from the 
proteins or was directly synthesized for the detoxification process. 
They do, however, point out that the organs supply the greater 
part of this amino acid, even when an excess is administered. 
There was no significant difference in the results whether the 
glycine and benzoic acid were injected (Experiments 2 and 3) or 
given by stomach tube (Experiment 1). 

EXPERIMENTAL 

The isotopic glycine was prepared as previously (3). All experi- 
ments were carried out with male rats weighing about 200 gm. 
which had been fasted for 12 hours previous to the experiment. 
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They were kept in metabolism cages and the urine was collected 
during 24 hours following the administration of the isotopic 
compounds. The urine of the animals in each experiment was 
pooled and pure hippuric acid isolated in the usual manner. 

An amount of benzoic acid corresponding to 300 mg. per rat 
was given by stomach tube or by injection as sodium benzoate. 
The solution (about 3 cc.) contained 2 moles of isotopic glycine 
per mole of benzoic acid. 

The data obtained are given in Table I. 

SUMMARY 

1. Biological hippuric acid formation in rats was studied with 
glycine preparations containing labeled nitrogen. 

2. Glycine given with benzoic acid either by mouth or by 
injection is utilized for the hippuric acid formation. 

3. However, only part of the administered glycine, even if 
given in excess, is used for this reaction, the major part being 
supplied by the animal tissues. 
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STUDIES IN PROTEIN METABOLISM 

VIL THE METABOLISM OP TYROSINE* 

By RUDOLF SCHOENHEIMER, S. RATNER, and 
D. RITTENBERG 

(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 

(Received for publication, October 3, 1938) 

In this paper we report, the first experiment in which one amino 
acid of a normal diet, tyrosine, has been labeled by the nitrogen 
isotope. The experiment was carried out with a full grown rat 
kept for 10 days on the ordinary stock diet, the protein of which 
consisted mainly of casein. The tyrosine of this diet was labeled 
by adding to it an amount of synthetic, isotopic d^t 5 n:o 8 me cor- 
responding to twice that already present in the food. The isotope 
content in the added tyrosine was so high (2.04 atom per cent 
excess) that its nitrogen could be diluted with several hundred 
times the amount of ordinary nitrogen and still be detectable by 
the analytical methods. We feel confident that we have carried 
out an experiment under physiological conditions, as the amino 
acid composition of natural diets differs widely and animals are 
accustomed to considerable variations in the amounts of the 
component amino acids. 

The original aim of this exploratory experiment was merely to 
find out whether in nitrogen equilibrium the nitrogen in the urine 
is derived from the food proteins directly or whether dietary 
nitrogen is deposited, with liberation of an equivalent amount of 
tissue nitrogen for excretion. 

In our experiment only part (50 to 60 per cent) of the labeled 
nitrogen given in the df-tyrosine vras recovered from the urine, 
while almost all of the rest was found in the tissues. The amount 
of labeled nitrogen deposited in the organs was so large that the 

* This work was carried out with the aid of a grant from the Josiah 
Macy, Jr., Foundation. 
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original scope of the experiment was widened, and an attempt was 
made to trace the labeled nitrogen in the body constituents of the 
animal.^ 

The liver, the blood, and the rest of the carcass were worked 
up independently in such a way as to separate the non-protein 
nitrogen from the protein nitrogen. Twenty-one different frac- 
tions or pure compounds were isolated and their isotope content 
analyzed. Almost all of the labeled nitrogen retained in the 
animal was found in the proteins and only small quantities in the 
non-protein nitrogen fractions. The concentration of labeled 
nitrogen in the liver was much higher than in the remaining 
carcass, a finding in agreement with the well established theory 
that the liver plays an important role in protein metabolism. As 
no other organ, such as the kidney or the intestinal tract, was 
investigated separately, it cannot be decided whether the liver 
differs in this respect from other internal organs. The blood 
corpuscles contained almost no labeled nitrogen, but the isotope 
concentration in the plasma fell between that of the total carcass 
and that of the liver. 

The samples of pure tyrosine isolated from the liver protein 
and from the carcass protein contained a high concentration of 
labeled nitrogen; f. e., some dietary tyrosine was directly deposited 
in the tissue proteins. The amount of the isotope in the total 
tjo^osine of these proteins, however, accounted for only 25 to 30 
per cent of the total labeled nitrogen in the proteins. The major 
part was thus present in other protein constituents. 

The isotope, apart from tyrosine, could be located in four differ- 
ent places: (1) in the a-amino group of other amino acids; namely, 
in the dicarboxylic acid fraction (glutamic and aspartic acids) 
which was secured from the proteins both of the liver and of the 
carcass; (2) in histidine isolated from the liver proteins; (3) in the 
arginine obtained from the liver proteins. The labeled nitrogen 
could be located in that part of the guanido group which repre- 
sents ^'potential urea’' (split off as urea by arginase). The 

' At the time when the feeding was started the amount of isotope avail- 
able limited the experiment to one animal. The administration of an 
isotopic compound to only one rat can give direct evidence of the ability 
of the animal to convert one substance into another. Some of the reactions 
discussed below are certainly typical for the normal metabolism of tyrosine. 
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ornithine moiety of the arginine contained no labeled nitrogen; 
(4) in the ^^amide nitrogen^^ (liberated as ammonia during prote- 
olysis) in the proteins from liver and from carcass. 

In all these substances the concentration of labeled nitrogen 
was much lower than in the tyrosine, but far above the limit of 
error of the analytical method. 

The only amino acid isolated which contained no labeled nitro- 
gen was lysine. 

The amount of labeled nitrogen found in the few fractions 
investigated (tyrosine, dicarboxylic acids, arginine, histidine, and 
^^amide nitrogen^O still accounted for only a portion of the total 
isotope in the proteins. Other amino acids which were not 
isolated must also have contained labeled nitrogen. 

The results indicate that in our rat the nitrogen of at least one 
of the dietary amino acids, tyrosine, was only partly excreted in 
the urine, while almost half of it was retained in the body proteins. 
Of this deposited nitrogen, only a fraction was found attached to 
the original carbon chain, namely to tyrosine, while the bulk was 
distributed over other nitrogenous groups of the proteins. 

EXPERIMENTAL 

A 15 month-old male rat weighing 345 gm. was kept for 6 days 
on the following diet: casein 15, corn-starch 68, yeast 5, salt 
mixture (Osborne and Mendel (1)) 4, cod liver oil 2, and Wesson 
oil 6 per cent. The total protein of the diet contained about 4.5 
per cent tyrosine. After 6 days an amount of isotopic dZ-tyrosine 
(2.04 atom per cent excess) corresponding to double that in the 
dietary protein was added to the diet. It was dissolved in a small 
volume of water with an equivalent amount of NajCOa. The 
animal received this addition for 10 days while the urine was 
collected. At the end of this period the animal had consumed a 
total of 1.867 gm. of the added tyrosine corresponding to 144.4 mg. 
of N. The animal did not spill food and its weight remained 
practically constant. (The weight at the end of the period was 
350 gm.) 

The animal was anesthetized with ether, and 10 cc. of blood 
were collected by heart puncture. It was killed and the total 
digestive tract removed and discarded. The liver was worked up 
separately from the remaining carcass. All samples were treated 
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in such a way as to separate the non-protein nitrogen from the 
protein. 

Fractionation of Blood — 10 cc. of the oxalated blood were 
centrifuged and the plasma was separated from the corpuscles. 
5 cc. of plasma were treated with 50 cc. of 6 per cent trichloroacetic 
acid, and the precipitate filtered and washed with 6 per cent 
trichloroacetic acid. The precipitate (protein fraction) contain- 
ing 47.5 mg. of N and the filtrate (non-protein fraction) containing 
1.8 mg. of N were used for isotope analysis. The corpuscles 
were treated in an analogous manner. The non-protein nitrogen 
from the corpuscles was lost. 

Fractionation of Liver — The liver (9.5 gm.) was frozen with 
solid carbon dioxide, pulverized in a steel mortar, and extracted 
with 6 per cent trichloroacetic acid. The filtrate (containing 
16.5 mg. of N) was used for the analysis of the non-protein nitrogen 
and the precipitate (containing 224 mg. of N) for the isolation of 
amino acids. 

Amino Acids fro?n Liver Protein, Tyrosine— The precipitate 
was hydrolyzed with 15 cc. of 20 per cent hydrochloric acid and 
an aliquot taken for the isotope analysis of protein nitrogen. 
The hydrochloric acid w^as removed by distillation and by treat- 
ment with silver carbonate. The hydrolysate was finally con- 
centrated to about 5 cc. The tyrosine which crystallized during 
2 days in the ice box \vas collected and recrystallized from hot 
water. 30 mg. of pure tyrosine were obtained. 

N (Kjeldahl) found 7.37 per cent; calculated 7.64 per cent. 

Isolation and Splitting of Arginine — The mother liquor was 
brought to a volume of 30 cc. and arginine was precipitated with 
flavianic acid and the flavianate recrystallized. The 270 mg. of 
substance were decomposed wdth H2SO4 and butyl alcohol. The 
aqueous layer containing the arginine was treated with charcoal. 
An aliquot of the aqueous solution was used for the isotope deter- 
mination in the arginine and the rest was hydrolyzed into ammonia 
and ornithine as previously described (2). 

Amide Nitrogen '^ — After removal of excess flavianic acid with 
butyl alcohol and charcoal, an aliquot of the mother liquor of the 
arginine precipitation was made alkaline with Ba(OH)2, and the 
ammonia was distilled in vacuo into a receiver containing H2SO4. 
The total amount of amide nitrogen of the liver protein was 
10.7 mg. 
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Dicarhoxylic Adds — The residual alkaline solution (30 cc.) 
was added to 120 cc. of ethanol. The precipitate formed over- 
night was filtered off and dissolved in 25 cc. of water. The solu- 
tion was cleared with charcoal and again treated with 4 volumes 
of alcohol. The barium salts of the dicarhoxylic acids were used 
for isotope analysis. 

Histidine — Barium was removed from the mother liquor of the 
barium precipitation and the basic amino acids were precipitated 
with phosphotungstic acid. The washed phosphotungstates were 
decomposed by extracting the acidified solution with a mixture of 
amyl alcohol, ethyl alcohol, and ether (3). From the aqueous 
layer histidine was precipitated with HgCh at pH 6.5 in ethanol 
(4). The washed precipitate was decomposed with HaS and the 
precipitation was repeated. The HgCh complex, containing 3.4 
mg. of N, was used for the isotope analysis of histidine. 

Lysine — After removal of mercury the mother liquor from the 
histidine precipitation was evaporated to dryness and the residue 
extracted with ethanol. On concentration to about 0.5 cc. lysine 
monohydrochloride was precipitated by addition of pyridine and 
alcohol. It was twice recrystallized by dissolving in water fol- 
lowed by precipitation with ethanol. The yield was 14 mg. 

N (Kjeldahl) found 14.5 per cent; calculated 15.1 per cent. 

Fractionation of Remaining Carcass — The carcass (from which 
blood, liver, and intestinal tract had been removed) was passed 
twice through a meat grinder and extracted with 1750 cc. of 6 per 
cent trichloroacetic acid at room temperature. The filtrate 
contained 947 mg. of N (non-protein nitrogen). The residue 
containing 8.94 gm. of N was hydrolyzed and 250 mg. of pure 
tyrosine were obtained by crystallization followed by two re- 
crystallizations, 

N (Kjeldahl) found 7.64 per cent; calculated 7.74 per cent. 

Amide nitrogen (383 mg.) and the barium salts of the diearbox- 
ylic acids were obtained as described for the liver. 

Fractionation of Urine — ^The urines of the first 9 days containing 
1.950 gm. of total N were pooled and a sample was used for isotope 
analysis. The urine of the last 24 hours was collected separately. 
Ammonia was absorbed on permutit and recovered from it by 
addition of strong alkali and distillation into acid. The filtrate 
from the permutit was treated with ureade and the ammonia 
liberated was carried into acid by a stream of air. The urine 
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contained 167.5 mg. of total N, 140 mg. of urea N, and 3.0 mg. 
of ammonia N. 

The isotope analyses of all the samples obtained from the animal ♦ 
are given in Table I. 

Quantitative Determination of Tyrosine in Liver and Carcass of 
Rat — For the calculation of the amount of dietary t 3 rrosine re- 


Table I 


Concentration in Nitrogen of Substances Isolated from Rat Given 
dl-Tyrosine 



Snbstanoe 

N» 

Liver 

Total protein 

atom per cent exeete 

0.039 


Tyrosine 

0.316 


Arginine 

0.030 


NH| from arginine 

0.058 


Glutamic -i- aspartic acid 

0.056 


Lysine 

0.003 


Histidine 

0.015 


Amide N 

0.044 


Non-protein N 

0.038 

Carcass 

Total protein 

0.012 


Tyrosine 

0.100 


Glutamic -h aspartic acid 

0.010 


Amide N 

0.012 


Non-protein N 

0.015 

Blood 

Protein from plasma 

0.029 


Non-protein N from plasma 

0.066 


Protein from corpuscles 

0.009 

Urine 

Total N first 9 days 

0.077 


last 24 hrs. 

0.067 


Urea last 24 hrs. 

0.067 


NHi 24 ‘‘ 

0.197 


tained by the animal, the amount of total tyrosine in our rat must 
be known. We have determined by the method of Folin and 
Marenzi (5) in another rat the tyrosine content of the liver and of 
the carcass from which the liver and intestinal tract had been 
removed. According to these analyses the liver of our animal 
should have contained 77 mg. and the remaining carcass 2770 mg. 
of t 5 rrosine. 
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DISCUSSION 

Amount of Dietary Tyrosine Incorporated in Proteins — The 
incorporation of dietary tyrosine in the tissues of a normal animal 
recalls the results of experiments in which labeled fatty acids were 
given to normal mice (6). Even when the animals kept their 
body weight constant, a large fraction of the dietary fatty acids 
was deposited, with liberation of an equivalent amount of tissue 
fatty acids for combustion. 

Almost all of the labeled tyrosine in our animal was in the pro* 
teins. The total amount of non-protein nitrogen and its isotope 
content were not large enough to account for a significant quan- 
tity of tyrosine. 

From the isotope content of the tyrosine isolated and that of 
the diet, one can calculate the minimum amount of the dietary 
amino acid deposited in the proteins. The material consumed 
was a mixture of 0.93 gm. of ordinary tyrosine in the food proteins 
and 1.86 gm. of added isotopic material with 2.04 atom per cent 
excess. A total of 2.79 gm. of tyrosine with 1.36 atom per 
cent excess was thus consumed. The liver protein of the 
animal contained 77 mg. of tyrosine with 0.32 atom per cent 
excess, and the remaining carcass 2770 mg. of tyrosine with 0.10 
atom per cent. From the dietary tyrosine there were thus derived 
24 per cent or 18 mg. of the liver tyrosine and 7 per cent or 204 mg. 
of the carcass tyrosine. A total of 222 mg. or 8 per cent of the 
consumed tyrosine was recovered from the tissue proteins. 

In the calculations no account was taken of the fact that the 
isotopic tyrosine added to the diet was racemic. The metabolism 
of amino acids of unnatural steric configuration is known to be 
different from that of the natural isomerides; they are not de- 
posited in the protein as such. From work on indispensable 
amino acids, it is known that some of the unnatural acids may 
substitute for the natural ones in the diet; t.e., they may be con- 
verted. On the basis of the current conception of such conversions 
(deamination and amination of the corresponding keto acid) as 
well as of experiments to be published later, it is improbable that 
the nitrogen originally present would have remained attached to 
the carbon chain during this reaction. In our experiment, if the 
conversion had occurred, the labeled nitrogen of the unnatural 
d(+)-tyTosine would probably have been replaced by normal 
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nitrogen, thus diluting the isotope concentration of the deposited 
tyrosine. If the animal had received the natural Z(— )-tyrosine 
only, the amount of labeled tyrosine deposited would probably 
have been considerably higher than 8 per cent. 

Isotope Content in Protein Molecule Apart from Tyrosine. Liver 
Protein — This protein contained 77 mg. of total t 3 n'osine, cor- 
responding to 5.9 mg. of N. The isotope in this nitrogen was 
0.316 per cent or 0.018 mg. of excess. The total protein 
nitrogen of the liver, 224 mg., contained 0.039 per cent or 0.087 
mg. of excess. Thus 0.069 mg. of excess (0.087 — 0.018 
mg.) must have been present apart from tyrosine; z.e., only about 
25 per cent of all the labeled nitrogen in the protein was present 
as t 3 a*osine. 

Carcass Protein — This protein contained 2770 mg. of total 
tyrosine, corresponding to 213 mg. of N. The isotope content in 
this nitrogen was 0.10 per cent, or 0.21 mg. of excess. The 
total protein contained 8900 mg. of nitrogen with 0.012 per cent 
or 1.06 mg. of excess. Thus 0.85 mg. of excess must have 
been present apart from tyrosine; i.c., only about 20 per cent of all 
the labeled nitrogen in this protein was present as tyrosine. 

The last value obtained for the carcass protein includes a some- 
what larger error than that for the liver, as the value for the isotope 
concentration in the carcass protein is rather low. But even a 
considerable error could not alter the conclusion that also in this 
protein only a fraction of the labeled nitrogen was present as 
tyrosine. 

Dicarhoxylic Acids — These were the only monoamino acids 
investigated. The labeled nitrogen must have been derived from 
nitrogen of the dietary tyrosine. The result does not indicate 
whether tyrosine was directly converted into the dicarboxylic 
acids, i.e. whether the carbon was also utilized, or whether the 
nitrogen only was involved, but the utilization of the carbon chain 
for the formation of dicarboxylic acids is highly improbable. It 
is more likely that the nitrogen only was used, for example for the 
amination of the corresponding keto acid. Whatever the mecha- 
nism may be, the result must be taken as proof that our animal, 
which was fed a stock diet and was kept in nitrogen equilibrium, had 
formed new amino acid molecules, even such as were abundant in 
the diet (casein contains 4.1 per cent of aspartic acid and 22 per 
cent of glutamic acid). Any reaction which led to the intrbduc- 
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tion of isotopic nitrogen into these monoamino acids must have 
been accompanied by an opening of the peptide linkage by which 
the nitrogen atom was bound. 

From the isotope concentration in the dietary t 3 n:osine and that 
of the dicarboxylic acids the minimum amount of dicarboxylic 
acids in the liver which were newly formed by using tyrosine 
nitrogen can be calculated. As the tyrosine contained 1.36 and 
the dicarboxylic acids 0.056 atom per cent excess, the fraction 
of the newly formed compounds wai| 4.3 per cent. 

Tyrosine is only one of the amino acids of casein, and the 
tyrosine nitrogen represented only 6 per "cent of the total protein 
nitrogen in our diet. It is possible — though improbable — that 
tyrosine was the only amino acid the nitrogen of which was used for 
these S 3 mthetic reactions. The nitrogen of the other amino acids 
was not labeled, and a transfer of it to the dicarboxylic acids would 
not have been detected in our study. If the tyrosine nitrogen 
utilized for the synthesis represents only part, the percentage of 
newly formed dicarboxylic acids must have been correspondingly 
higher. 

Histidine — We have not yet located the position of the labeled 
nitrogen in the 3 nitrogen atoms of this amino acid. As 
histidine is an indispensable food constituent, it is likely that no 
chemical reaction had occurred whereby ring nitrogen was re- 
placed by isotopic nitrogen. The labeled nitrogen was probably 
attached almost exclusively to the a-carbon atom and may have 
been introduced by successive deamination and amination in a 
way such as has been suggested (7) for the introduction of stable 
deuterium into histidine in the living animal. 

Arginine — The arginine isolated from the liver protein contained 
0.030 atom per cent excess. The ammonia obtained by alka- 
line hydrolysis contained double this concentration (0.058 atom 
per cent). As 2 nitrogen atoms are split off from a total of 4 in 
this reaction, all labeled nitrogen must have been present in that 
part of the molecule which was recovered as ammonia, and repre- 
sents “potential urea.” The ornithine moiety, which in this 
experiment was not analyzed, must have contained only normal 
nitrogen. This result is analogous to that in the previous experi- 
ment (2), in which animals were given labeled ammonia instead 
of tyrosine. 

In the present experiment the arginine was isolated from the 
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liver, while in the earlier one it was obtained from the total carcass. 
The ammonia (or “potential urea”) from the liver arginine had a 
concentration of labeled nitrogen (0.058 atom per cent excess) 
almost as high as that of the urinary urea (0.067 atom per cent 
excess). This may be taken as even a better support of the 
theory of Krebs and Henseleit (8) than the results of the previous 
experiment, as urea formation is supposed to occur only in the 
liver.2 

Amide Nitrogen — The isgtope concentration of this fraction 
obtained from the liver was only slightly lower than that of the 
“potential urea” in arginine. Leuthardt (9) has given evidence 
that glutamine and asparagine form urea independently from the 
ornithine cycle. Our amide nitrogen was obtained from the 
protein; i.e., the amide groups were attached to dicarboxylic acids 
in protein linkage.^ 

Lysine — The lysine isolated from the liver was the only sub- 
stance which contained no labeled nitrogen. This finding is in 
agreement with the results of all earlier experiments, in which 
isotopes have been applied to the study of amino acid metabolism. 
Of all amino acids investigated lysine was the only one which did 
not take up deuterium from heavy water in the body fluids (7), 
and in one of the preceding papers (2) it was shown to be the only 
substance which does not take up N^® from isotopic ammonia 
given to rats. The new finding can be taken as additional support 
for the theory (7) that lysine is not subjected in the animal to any 
reversible chemical reactions involving the carbon chain, such as 
for instance the process of successive deamination and amination 
of the corresponding keto acid. 

* There is, however, one point which makes it difficult to explain our 
findings directly by that theory. Arginase, supposed to be one of the 
enzymes involved in urea formation, acts only on free arginine, not on 
arginine in protein linkage. Our isotopic arginine was isolated from the 
liver protein. If our finding of the almost equal isotope concentration 
in the urinary as well as in the “arginine urea” were to be explained by the 
Krebs theory, it would be necessary to assume either that the arginine in 
protein linkage is involved in urea formation, or that free arginine and 
protein arginine continuously exchange their places in the liver. 

* If our findings be explained by the Leuthardt theory, the same assump- 
tion would have to be made as for the isotopic arginine: either glutamine 
and asparagine, while in protein linkage, are involved in urea formation, 
or free glutamic and aspartic acids exchange their places continuously 
with the same acids in protein linkage. 
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The lack of labeled nitrogen in the lysine of the earlier experi- 
ment (2) was taken as support of the theory that the introduction 
of the isotope into other amino acids had not occurred by mere 
physical exchange of the nitrogen but rather by chemical reaction. 
The same reasoning applies to the present experiment: the intro- 
duction of t 3 rro 8 ine nitrogen into the other amino acids must 
have occurred by chemical reaction. 

Mechanism of Nitrogen Transfer in Amino Acids — The results 
of the present experiment are similar to that in which labeled 
ammonia was given to immature rats (2). The distribution of 
labeled nitrogen in the different fractions of the proteins runs 
roughly parallel in the two experiments. This might indicate 
that in the present experiment ammonia was an intermediate 
between tyrosine and the newly formed compounds. However, 
in the earlier experiments very large quantities of labeled nitrogen 
were given (1.4 gm. of N daily per kilo of body weight), whereas 
in the present study the animal received only 60 mg. of tyrosine 
N daily per kilo of body weight. If the experiments could be 
compared, tyrosine would seem to be a much more efficient ‘‘nitro- 
gen donor'' than ammonia. 

The two experiments, however, are not comparable. The 
first one with ammonia was carried out under unphysiological 
conditions, while in the present study the conditions were normal. 
A control experiment in which moderate amounts of ammonia 
are added to the normal stock diet may reveal the mechanism. 

SUMMARY 

1. An adult, non-growing rat was kept for 10 days on a stock 
diet, the tyrosine of which was labeled by the addition of dir 
tyrosine 

2. Only about half of the labeled nitrogen was recovered in the 
urine, while almost all of the remainder was found in the tissues. 
Only a small quantity was located in the non-protein nitrogen of 
the tissues; the bulk was in the proteins. 

3. The liver protein contained about 3 times the concentration 
of labeled nitrogen found in the proteins of the rest of the body. 
The proteins were hydrolyzed, and a number of their constituents 
were isolated to locate the position of the isotope. 

4. Tyrosine samples isolated separately from the liver proteins 
and from the proteins of the rest of the body had a high concentra- 
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tion of the labeled nitrogen. At least 8 per cent, and probably 
more, of the total dietary tyrosine was introduced into the animaPs 
proteins. The total amount of isotope in the tyrosine accounted 
for only 20 to 25 per cent of the total isotope in the proteins. 

5. The isotope was also located in (a) the monoaminodicarbox- 
ylic acids, (6) histidine, (c) arginine, and (d) the ^‘amide nitrogen. 
No labeled nitrogen was found in lysine. 

6. Other protein constituents not isolated must also have con- 
tained labeled nitrogen, as the total amount of isotope in the 
substances isolated accounted for only a fraction of that in the 
proteins. 

7. The labeled nitrogen in the arginine from the liver protein 
was located in that part of the guanido group which is split ofif as 
urea by arginase. The ornithine moiety of the arginine did not 
contain labeled nitrogen. 

8. Chemical reactions are responsible for the biological forma- 
tion of the isotopic substances. 

9. The experiment indicates that in a healthy, non-growing 
rat given the ordinary stock diet and kept in nitrogen equilibrium, 
the nitrogen of at least one dietary amino acid, tyrosine, is only 
partly excreted in the urine, while most of the remainder is de- 
posited in tissue proteins. An equivalent of protein nitrogen is 
excreted. Only part of the deposited nitrogen remains attached 
to the original carbon chain of tyrosine, and a considerable portion 
of the rest is used for the formation of other nitrogenous com- 
pounds, even of such amino acid molecules as were abundant in 
the diet. 
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STUDIES ON ENZYME ACTION 


LI. THE PHOSPHATASE ACTIONS OF TISSUES OF NORMAL 
AND RACHITIC RATS 

By JOSEPH TRUHLAR, LEON DREKTER, GRACE McGUIRE, and 
K. GEORGE FALK 

(From the Laboratory of Industrial Hygiene^ Inc.y New York) 
(Received for publication, October 21, 1938) 

In an earlier paper (1), the lipase actions on a number of esters 
of extracts of tissues of normal and rachitic rats were presented. 
The actions of the liver and kidney extracts of the normal and the 
rachitic rats were essentially similar, but with the lung extracts 
the types or ^‘pictures^’ of the actions on the esters were not the 
same. Phosphatase action may be considered as a group of the 
more inclusive term ^^lipase action.^' In this paper, the results 
obtained in a study of such phosphatase action will be presented. 

No attempt will be made to cover the literature pertaining tc 
studies along similar lines. Reference must be made, howeverj 
to the recent paper by Bodansky (2) in which the results of such a 
related study were presented and discussed from various points 
of view. 


EXPERIMENTAL 

Enzyme Extracts — The tissues were obtained from (1) rats fed a 
normal diet, (2) rats made rachitic by being bred from parents 
fed a deficient diet and then themselves fed Steenbock Ration 
2965 (3) for 28 to 32 days. The rats were killed with chloroform; 
the kidneys, lungs, livers, and hearts of a group of from four to 
twelve animals were dissected out, ground with sand, and water 
added in a proportion of 300 cc. to 4 gm. of tissue. Toluene (1 cc. 
to 100 cc. of mixture) was added; the mixture allowed to stand at 
room temperature overnight, and filtered through paper. Whole 
rat extracts were prepared similarly except for the use of a meat 
grinder in place of grinding with sand. For the en 23 rme experi- 
ments, in order to obtain satisfactory colorimetric readings, 8 cc. 
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each of liver, lung, heart, and whole rat extracts and 1 cc. por- 
tions of kidney extracts were used. 

Kay^s method (4) with both sodium glycerophosphate and cal- 
cium hexosediphosphate^ at pH 7.6 for 48 hours and Bodansky^s 
method (5) with sodium /3-glycerophosphate at pH 8.6 for 1 hour 
were used. The method described by Kay for plasma was used 
for the rat tissue extracts. 


Results 

In Kay^s method pH 7.6 was adopted in place of the 8.9 which 
has been used in a number of investigations. No attempt was 
made here to attain maximum action for a tissue extract by chang- 
ing the pH or by adding various substances. A comparison of 
the phosphatase actions of the various extracts was in view. The 
study may perhaps be considered from the point of view of the 
system as a whole rather than as purely enzymic actions. It was, 
therefore, considered preferable to measure these actions with the 
materials under conditions of extraction as nearly comparable as 
feasible rather than modify the actions by added substances. The 
latter procedure would be a separate study. The estimation of 
the total nitrogen in the various extracts obtained by the Kjeldahl 
method are presented in Table I. 

The variations in the nitrogen contents of the tissue extracts 
do not seem unusual. The tissues of the normal and of the rachitic 
rats behaved similarly in so far as the total nitrogen of the extracts 
was concerned. The ages of the normal animals (35 to 270 days) 
exerted no apparent influence; the ages of the rachitic animals 
ranged from 54 to 61 days. 

The results of the phosphatase estimations are presented in 
Table II. The ages of the normal animals are not given in the 
groups of the results, since they did not appear to influence the 
enzyme determinations in any systematic way. 

The first fact which appears in these results is the unexpected 
variation which occurred in the actions of some of the extracts of 
any one tissue. Each extract was prepared from material from 
four to twelve rats, so that the possibly exceptional behavior of 
one animal is ruled out. Attempts were made to maintain the 

* Thanks are due to Dr. Kenneth C. Blanchard of Washington Square 
College, New York University, for the calcium hexosediphosphate used in 
this investigation. 
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conditions for the living animals, for the preparation of enzyme 
material, and for the enzyme test as uniform as possible, but no 
attempts were made to obtain increased or retarded actions or so 
called optimum actions by the addition of various substances. 

In Table III are presented the average values of the actions 
given in detail in Table II, and in each case in parentheses, the 
number of experiments upon which that average is based. 

The conclusions to be drawn from the results presented in 
Tables II and III may be given briefly. The absolute values, 
including the averages and also the ranges, of the actions are much 
the same for the normal and the rachitic rats. These similar 
actions are of special interest because of the considerable variation 

Table I 


Nitrogen Contents of Rat Tissue Extracts 


Rat tissue 

No. of 
estimations 

N per oc. extract 

Ranges 

Averages 

(X m 



mg. 

mg. 

Normal, liver 

18 

0.11-0.22 

17.9 

kidney 

13 

0 20-0 28 

25 2 

“ lung 

8 

0.19-0.23 

20.3 

whole rat 

13 

0.11-0.16 

14.0 

** heart 

1 

0.13 

13.0 

Rachitic, liver 

8 

0.15-0.25 

19.4 

“ kidney 

6 

0.23-0.31 

25.8 

“ lung 

5 

0.18-0.24 

20.8 

whole rat 

4 

0.09-0.19 

14.3 

heart 

3 

0.10-0.15 

1 

12.0 


found at times in the sets of results for any one tissue (Table II), 
but they are unmistakable. The differences observed in two cases, 
liver and whole rat by the Kay method with sodium glycerophos- 
phate, cannot be stressed because of their small intrinsic values 
and are possibly more apparent than real. The ratios of the ac- 
tions by the Kay method on the two phosphoric esters, sodium 
glycerophosphate to calcium hexosediphosphate, are as follows: 



Kidney 

Liver 

Whole rat 

Heart 

Lung 

Normal 

0.64 

0.37 

0.65 

0.62 

0.94 

Rachitic 

0.64 

0.56 

0.85 

0.60 

0.95 



348 


Studies on Enzyme Action. LI 


The large values for the ratio of the lung are of interest. This 
signifies that, under the given conditions of testing, the actions of 
the lung extracts on the two esters were much the same, but that 
with the other tissues, under these same conditions, the actions on 
calcium hexosediphosphate were in the neighborhood of 60 per 
cent greater than on sodium glycerophosphate. The somewhat 

Table II 

Phosphatase Actions of Extracts (4 Gm. per SOO Ml. of Water) of Tissues of 
Normal and of Rachitic Rats by Kay Method {^with Sodium Glycero- 
phosphate and Calcium Hexosediphosphate As Substrates) and by 
Bodansky Method (with Sodium Glycerophosphate 
As Substrate) 


P liberated per ml. of tissue extract 


Tissue 

Normal rats 

Rachitic rate 


Average 

Range 

No. of 
estima' 
tions 

Average 

1 

1 Range 

No. of 
estima- 
tions 

Kay method. Substrate, sodium glycerophosphate 



mg. 

mg. 


1 

mg. 


Liver 

0.014o 

0.005-0.009 

7 

o 

d 

0.014-0.019 

6 



0.010-0.014 

5 


0.020-0.024 

6 



0.015-0,019 

5 


0.026 

1 



0.020 -0.024 j 

3 






0.026 

1 




Kidney 

0.5699 

<0.460 

2 

0.560i 

<0.450 

2 



0.450-0.520 

8 


0.450-0.600 

2 



0.650-0.710 

6 


0.500-0.540 

2 



>0.710 

2 


0.580-0.650 

7 



i 



>0.750 

1 

Lung 

0.046s 

0.027-0.035 

2 

0.0427 

0.033-0.035 

2 



0.040-0,045 

8 


0.036-0.045 

2 



0.050-0.055 

6 


0.046-0.047 

5 



>0.055 

2 


>0.052 

1 

Whole rat 

0.0244 

0.009-0.014 

3 

0.0329 

0.018 

1 



0.016-0.020 

5 


0.026 i 

1 



0.028-0.038 

3 


0.036-0.038 

6 



0.040-0.048 

3 




Heart 

0.023o 

‘ 0.007 

1 

0.024o 

0.006 

1 



0.010 

1 


0.022 

1 



0.062 

1 


0.024-0.028 

5 






0.031 

1 
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Table II — Conclude 


P libenited imt mL of tinue extract 


Tissue 

Normal rats 

Rachitic rate 


1 


No. of 



No. of 


Average 

Range 

eetima- 

Average 

1 Range 

estima* 


J 


tione 



tione 


Kay method. Substrate, calcium hexosediphosphate 



mg. 

mg. 


mg. 

mg. 


Liver 

‘0.037g 

0.033 

3 

0.036o 

0.028 

1 



0.036-0.038 

7 


0.033-0.034 

2 



0.039-0.041 

7 


0.036-0.039 

10 



0.046 

1 




Kidney 

0.895e 

0.521 

1 

0.8544 

0.566 

1 



0.640-0.800 

5 


0.750-0.850 

6 



0.800-0.920 

7 


0.910-0.950 

3 



1.000-1.200 

4 


1.000-1.060 

2 



1.631 

1 




Lung 

0.0404 

0.045-0.049 

6 

0.0452 

0.036 

1 



0.050-0.055 

8 


0.041-0.045 

3 



0.057 

1 


0.046-0.050 

6 

Whole rat 

0.0374 

0.024 

1 

0.038/ 

0.036-0.039 

5 



0.031-0.043 

12 


0.040-0.042 

3 



0.056 

1 




Heart 

0.037 

0.037 

2 

0.040o 

0.036-0.040 

5 






0.043-0.046 

3 


Bodansky method. Substrate, sodium glycerophosphate 


Liver 

0.004i 

0 -0.019 

6 

0.0057 

0.001-0.019 

10 

Kidney 

0.1758 

0,078 

1 

0.1762 

<0.050 

2 



0.120-0,200 

2 


0.100-0.150 

2 



0.200-0.235 

3 


0.230-0.260 

6 

Lung 

0.044o 

0.030 

1 

.0.0427 

0.032-0.037 

2 



0,040-0.045 

2 


0.044-0.049 

5 



0.050-0.056 

2 




Whole rat 

0.025, 

0.013 

1 

o 

d 

0.012-0.017 

2 



0.023-0.024 

2 


0.033-0.040 

5 



0,041 

1 




Heart 

0.023i 

0.018-0,027 

3 

0.027o 

<0.010 

2 






0.025-0.035 

5 






0.070 

1 


lower ratio for normal liver and the higher ratio for rachitic whole 
rat (less than those for the lung, however) are probably more 
apparent than real, as already indicated. 
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The comparative action of the various tissue extracts on the 
same substrate (sodium glycerophosphate) by the two methods 
(Kay and Bodansky) are of interest. The amounts of hydrolysis 
were much the same for the lung, whole rat, and heart extracts. 
On the other hand, the Kay method gave larger actions than the 
Bodansky method with liver and kidney extracts. The liver ex- 
tracts gave only very small actions by the Bodansky method, so 
that they are of no practical or scientific interest at the present 
time. As for the kidney extracts, the actions obtained by the 

Table III 


Averages of Phosphatase Actions of Tissues of Normal and of Rachitic Rats 
Shown in Detail in Table II 




Kay method 

Bodansky method, 
sodium 

glycerophosphate 



Sodium 

clycerophoaphate 

Calcium 

hexoeediphosphate 

Liver 

Normal 

mg. 

0.014(21) 

mg. 

0.038(18) 

mg. 

0.005 (6) 

Rachitic 

0.020(13) 

0.036(13) 

0.006(10) 

Lung 

Normal 

0.046(17) 

0.049(15) 

0.044 (5) 

Rachitic 

0.043(10) 

0.045(10) 

0.043 (7) 

Kidney 

Normal 

0.570(18) 

0.896(18) 

0.176 (6) 

Rachitic 

0.650(14) 

0.854(12) 

0.176(10) 

Whole rat 

Normal 

0.024(14) 

0.037(14) 

0.025 (4) 

Rachitic 

0.033 (8) 

0.039 (8) 

0.030 (7) 

Heart 

Normal 

0.023 (3) 

0.037 (2) 

0.023 (3) 

Rachitic 

0.024 (8) 

0.040 (8) 

0.027 (8) 


The figures in parentheses represent the number of experiments in- 
cluded in the average. 


Bodansky method are about one-third of the actions obtained by 
the Kay method. These actions by the Bodansky method, how- 
ever, are quite large. In many cases, therefore, for materials such 
as kidney, etc., the Bodansky method might be preferable because 
of the shorter time of action and presumably smaller secondary 
actions. The magnitudes of the actions on calcium hexosediphos- 
phate were in all cases equal to, or greater than, the actions on 
sodium glycerophosphate, both by the Kay method, under the 
given conditions of testing. 

The results of Kay (6) indicated that the phosphatases of differ- 
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ent tissues and serum are probably identical, while Bodansky (2) 
has presented considerable evidence on this point. The latter 
discussed this phase of the problem in detail and showed differ- 
ences between intestinal phosphatase and bone and kidney phos- 
phatase when various substances such as taurocholic, etc., acids 
were added to the enzyme-acting mixtures. The results presented 
in the present paper do not add directly to this phase of the 
general problem. 


SUMMARY 

The phosphatase actions of the lung, liver, kidney, heart, and 
whole rat extracts of normal and rachitic rats were determined by 
the Kay method on sodium glycerophosphate and calcium hexose- 
diphosphate and by the Bodansky method on sodium glycero- 
phosphate. 

No difference in actions was observed between the normal and 
rachitic animal preparations. 

The relative actions or the ratio of the actions on the two esters 
under the given conditions differed in the case of the lung extracts 
from the ratios with extracts of the other tissues both for the 
normal and the rachitic animals. 
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(Received for publication, November 16, 1938) 

Vanadium salts can act as catalysts in the oxidation of certain 
organic compounds, for instance aniline (2). Vanadium is found 
according to Spiro (3) in most animal tissues and it accumulates 
in the liver when added to the diet (4). It is therefore possible 
that the vanadium which is absorbed in small amounts in the food 
may have a metabolic function. Indications that vanadium may 
affect metabolism are given in the work of Lyonnet, Guinard, 
Martz, and Martin (5), Jackson (6), and Martin (7). The effect 
of vanadium on enzymes has been studied by Neuberg and Kobel 
(8) who showed that it accelerated the hydrolysis of hexosediphos- 
phoric acid by yeast extracts, and by Lyonnet (9) who demon- 
strated an inhibiting action on trypsin and pepsin. More re- 
cently vanadium has been shown to play a part in the nitrogen 
assimilation of Azotohacter (10). The pharmacology of vanadium 
salts has been studied by Priestley (11), Jackson (6), Fournier, 
Levaditi, and Schwarz (12), and Levaditi (13). Henze (14) 
demonstrated vanadium in certain cells of ascidians. Because of 
its catalytic action on oxidations it was of interest to try its effect 
on the oxygen uptake of various tissues. 

EXPERIMENTAL 

The tissues of the rat and guinea pig were used. They were 
chopped with scissors, ground with sand in a mortar after the addi- 
tion of 0.05 M phosphate buffer of pH 6.7, and squeezed through 
muslin. If 20 to 40 micrograms of vanadium as sodium meta vana- 
date or as vanadium acetate were added to these tissue suspen- 

* A preliminary account has appeared (1). 
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Action of Vanadium on Oxidation 


slops, the oxygen uptake of liver was greatly increased, that of 
kidney slightly increased, and that of brain unaffected. The livers 
of the rat or guinea pig were therefore used in the following experi- 
ments and the effect of vanadium on the oxygen uptake of rat 
liver is shown in Fig. 1. As there was little or no increase in the 
carbon dioxide production of the liver, it appeared that vanadium 
was catalyzing the first stages of the oxidation of some substance 
in the liver. In order to study the mechanism of this catalysis 
the following experiments were done. 


320 
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Fig. 1. The oxygen uptake of rat liver suspension at pH 6.7 and 37®. 
Curve A, with 0.1 mg. of sodium meta vanadate ; Curve B, control. 

When the liver suspension was centrifuged at pH 6.7, the pro- 
teins which were insoluble under these conditions could be separ- 
ated. This insoluble fraction contained a large number of the 
active oxidative catalysts but because the soluble substrates had 
been washed away a suspension of this fraction took up very little 
oxygen. After the first washing the oxygen uptake was only about 
25 per cent of that of the original liver suspension and the vana- 
dium effect had diminished correspondingly. After the third or 
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fouHh washing both the oxygen uptake and the vanadium effect 
had disappeared. If a liver suspension was dialyzed overnight 
in the ice box, its oxygen uptake was greatly diminished because 
of the loss of dialyzable substrates but the effect of vanadium was 
still about 70 per cent as great as in the original fresh liver suspen- 
sion. These experiments suggest that the substance which is 



Fig. 2. The oxygen uptake of washed guinea pig liver in the presence of 
various phospholipids with and without vanadium at pH 6.7 and 37®. 
The oxygen uptakes of the controls without phospholipids are subtracted 
from each curve. Curve 1, liver and 5,0 mg. of soy bean lecithin; Curve 2, 
liver and 2.5 mg. of alcohol extract of guinea pig liver precipitated with 
acetone; Curve 3, liver and 2.5 mg. of soy bean lecithin; Curve 4, liver, 
0.1 mg. of sodium metavanadate, and 5.0 mg. of soy bean lecithin; Curve 
5, liver, vanadate, and 2,5 mg. of soy bean lecithin; Curve 6, liver, vana- 
date, and 2.5 mg. of guinea pig liver extract; Curve 7, vanadate and 5.0 
mg. of soy bean lecithin. 


oxidized in the presence of vanadium is only slowly dialyzable and 
that it is probably a large molecule or is attached to a protein 
which is soluble under the conditions of washing described above. 

The washings of the liver suspension were precipitated with 80 
per cent alcohol, the proteins filtered off, and the filtrate evapo- 
rated free of alcohol. The fatty suspension remaining contained 
the substrate the oxidation of which was catalyzed by vanadium 
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in the presence of the liver protein. The suspension was evapo« 
rated to dryness, taken up in an alcohol-ether mixture, and pre- 
cipitated with acetone. The resulting mixture of phospholipids 
when dissolved in buffer and added to the washed liver protein 
and vanadium was rapidly oxidized, but added to the protein 
alone was oxidized slowly. The vanadium alone had little or no 
effect. 

Fig. 2 shows the oxidation of liver phospholipids by washed liver 
protein with and without vanadium compared to soy bean phos- 
pholipids. The latter were supplied by the Glidden Company 
and precipitated several times from an alcohol-ether mixture by 
acetone. The liver protein was prepared by washing guinea pig 
or rat liver suspensions made from 10 gm. of liver four times with 
50 cc. of buffer of pH 6.7 and making the final suspension up to 15 
cc. with buffer of pH 6.7. The sodium metavanadate was made 
up in a concentration of 1.0 mg. per cc. Each Warburg vessel 
contained 0.5 cc. of protein suspension, 0.1 cc. of vanadate solu- 
tion, a suitable amount of phospholipid, and buffer was added to 
make the final volume 2.0 cc. Fig. 2 shows that the oxygen up- 
take was a function of the phospholipid concentration. The 
uptake was independent within limits of the vanadium and pro- 
tein concentrations. The oxidation of amino acids, amines, al- 
cohol, aldehyde, lactate, succinate, fumaratc, pyruvate, glucose, 
citrate, glycerol, choline, and the lower fatty acids was not affected 
by vanadium. Fig. 3 shows the effect of vanadium on the oxida- 
tion of soy bean cephalin by washed rat liver. The cephalin frac- 
tion of the soy bean phospholipids is oxidized by the liver protein 
alone more rapidly than the lecithin fraction and the vanadium 
effect is therefore not so great. 

Phospholipids extracted from heart and brain by alcohol-ether 
mixtures and precipitated by acetone are oxidized. Phospho- 
lipids from egg are very slowly oxidized in comparison with those 
from brain. According to Rae (15) egg contains mostly ^-leci- 
thins, whereas brain contains mostly a-lecithins. This suggests 
that the juxtaposition of the two fatty acids allows the oxidation 
by the vanadium system to proceed more rapidly. The constit- 
uent parts of the lecithin molecule are not attacked under the 
conditions of these experiments except for certain fatty acids 
such as oleic, stearic, and palmitic acids, which, although not 
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oxidiased by the liver protein alone, are oxidized very slightly in 
the presence of the vanadium (Fig. 3, Curve 3). This indicates 
that the oxidation takes place in the fatty acid part of the phos- 
pholipid. 

That the fatty acid part of the molecule is attacked is shown in 
Table 1. At the end of the oxidation the proteins were precipi- 
tated by 80 per cent alcohol and filtered off. The filtrate was 
evaporated to dryness and taken up in 10 cc. of chloroform and the 
double bonds estimated by the method of Yasuda (16). When 
vanadium is added to the untreated liver suspension, there is an 



Fig. 3. The oxygen uptake of washed rat liver and 6.0 mg. of soy bean 
cephalin with (Curve 1) and without (Curve 2) 0.1 mg. of sodium meta- 
vanadate. Curve 3, the oxygen uptake of washed guinea pig liver, 0.1 mg. 
of vanadate, and 5.0 mg. of sodium oleate. Without vanadate the oleate 
is not oxidized by the liver. The respective controls are subtracted from 
each curve. pH 6.7 and 37®. 

increase in the number of double bonds over that in the control. 
The vanadium, however, when added to the washed protein and 
phospholipid caused a marked decrease in double bonds in the 
added phospholipid. These facts indicate that vanadium is caus- 
ing both an increased dehydrogenation of the fatty acid and an 
oxidation of the double bond. In the untreated liver the dehy- 
drogenation predominates; in the washed protein-phospholipid 
system the oxidation of the double bond predominates. In 
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both cases probably the change measured is the algebraic sum of 
the two processes. 

If crystallized rat hemoglobin is added to phospholipids at pH 
6.7, a definite oxygen uptake occurs. This is greatest for soy 
bean lecithin, less for soy bean cephalin, and still less for liver 
lecithin. During this catalytic oxidation of the phospholipids 
the hemoglobin is rapidly converted to methemoglobin. Vana- 
dium has no effect on this oxidation, which shows that traces of 
hemoglobin which may remain in the washed liver preparations 
play no part in the vanadium effect. Moreover, liver and soy 
bean lecithin are oxidized equally readily by the vanadium- 


Tablb I 


Change in Relative Number of Double Bonds of Phospholipids after Oxidation 
in Presence of Guinea Pig Liver and Vanadium 
The figures are given in cc. of 0.02 n thiosulfate and are proportional to 
the number of double bonds present. pH 6.7, 37®. 


Tiflaue 


0.02 N 

thiosulfate 


0.2 CC. untreated liver suspension 

0.2 “ -f 0.1 mg. vanadate 

0.5 “ protein suspension 

0.5 -h 0.1 mg. vanadate 

0.5 “ -f- liver phospholipid 

0.5 “ “ “ + “ 4* 0.1 mg. 

vanadate 


ee, 

1.13 

2.58 

2.35 

2.62 

3.75 

2.27 


protein system but the hemoglobin-catalyzed oxidation rates are 
different. 

Oxidation of the soy bean lecithin by the vanadium-protein 
system is inhibited 70 per cent by 0.0025 m KCN and 90 per cent 
by 0.005 M KCN. Pyrophosphate in concentrations of 0.25 to 
0.5 per cent caused a 20 to 30 per cent, and 1.0 per cent sodium 
fluoride a 10 to 20 per cent inhibition. 0.0001 m p-aminophenol 
inhibited the oxidation completely. 0.0002 m aminop 3 a*ine in- 
hibited 50 per cent, but 10 times this amount of antipyrine had no 
effect. The oxidation of soy bean lecithin by hemoglobin is 
accelerated, after a short initial inhibition, by fluoride, which 
again differentiates the hemoglobin from the vanadium-protein 
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catalysis. The fluoride acceleration of the former is possibly 
caused by the formation of fluoride methemoglobin. The vana- 
dium-protein catalysis decreases rapidly with increase of pH, for 
at pH 7.8 the oxidation rate is only 30 per cent of that at pH 6.7. 
The catalysis by hemoglobin is increased slightly by increasing 
the pH from 6.7 to 7.8. 


DISCUSSION 

Although vanadium is considered a rare metal because of the 
relatively few commercially workable deposits, it is according to 
Mellor (17) more abundant in the earth ^s crust than lead, copper, 
or nitrogen and is found in most plant and animal tissues in small 
concentrations. Since it is known to be catalytically active in 
various oxidations, it is possible that it plays such a r61e in the 
body, particularly in the liver where it is found in greatest con- 
centration. Under the conditions of the experiments described 
above the vanadium salts have by themselves little or no catalytic 
activity. It is only when a suitable protein is also present that 
they become active in the oxidation of phospholipids but of none 
of the other substances tried. The fact that the protein prepara- 
tion without added vanadium shows some ability to oxidize the 
phospholipids may indicate the presence of small amounts of vana- 
dium still attached to the protein and that vanadium-protein com- 
plexes are normally active in this oxidation. 

It is interesting that p-aminophenol and aminopyrine inhibit 
the oxygen uptake of liver suspensions much more effectively at 
pH 6.7 than at 7.8 and that the vanadium effect is greatest at 
pH 6.7, and that these drugs inhibit the effect of added vanadium. 
The action of the drugs is much less on the uptake of kidney 
and brain and the vanadium effect is much less on these organs. 
These parallelisms suggest that the inhibiting effect of these drugs 
on the oxygen uptake of tissues may be due to their inactivation 
of a vanadium-catalyzed oxidation normally functioning in those 
tissues. 


SUMMARY 

1. 20 to 40 micrograms of vanadium added as sodium meta- 
vanadate or vanadium acetate to rat or guinea pig liver suspen- 
sion at pH 6.7 increase the oxygen uptake. Under the same con- 
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ditions the uptake of kidney is slightly increased but that of brain 
is not affected. 

2. If phospholipids are added to a thoroughly washed liver 
suspension and vanadium, a rapid oxygen uptake occurs. Vanar 
dium alone has no appreciable effect and the suspension alone 
oxidizes the phospholipid slowly. No other substrate was found 
to be oxidized by the vanadium-protein system. 

3. The oxidation occurs in the fatty acid part of the phospho- 
lipid. 

4. The properties of the oxidation are described. 

5. Hemoglobin catalyzes the oxidation of phospholipids to a 
certain extent. This catalysis is not affected by vanadium. 
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DELPHININE 

By WALTER A. JACOBS and LYMAN C. CRAIG 

{From the Laboratories of The Rockefeller Institute for Medical Researcht 

New York) 

(Received for publication, November 17, 1938) 

The seeds of Delphinium ataphiaagria, L., have been found on 
extraction to yield an appreciable alkaloid fraction only a portion 
of which has been obtained in crystalline form. This appears to 
consist essentially of the alkaloid delphinine. Our knowledge of 
the chemistry of the latter, as in the case of the alkaloids con- 
tained in other Delphinium species and the unquestionably closely 
related aconite alkaloids, is but in the earliest stage. This may 
be briefly summarized as follows: Walz (1) revised the previous 
formulations proposed by earlier workers to Cs 4 H 470 «N on the 
basis of the analysis of the alkaloid itself and of its oxalate. This 
formula has been supported by Keller (2) and by the analyses 
reported by Markwood (3). The earlier work of Katz (4) had 
shown the alkaloid to contain methoxyl and to yield benzoic 
acid on saponification. Subsequently Walz and Keller confirmed 
the presence of four methoxyl groups and one benzoyl group. 
On the basis of acyl determinations on an amorphous ‘‘acetyl 
delphinine’^ and “propionyl delphinine,” Walz concluded that at 
least one acylatable hydroxyl group is present in the alkaloid. 
Thus, in the four methoxyl groups and the benzoyl and hydroxyl 
groups, 7 of the 9 oxygen atoms of delphinine appeared to be 
accounted for. 

As a possible aid in the approach to the chemistry of the aconite 
alkaloids, we have recently included the Delphinium alkaloids 
in our studies, since they appear to contain fewer of the trouble- 
some oxygen atoms. The delphinine prepared by us from com- 
mercial ataphiaagria seeds was found to agree essentially with 
the properties already recorded for this alkaloid. However, our 
analytical results have been consistently in closer agreement with 
the figures required by a modified formula, viz, CisH460aN. This 
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formula was also supported by the analysis of the hydrochloride 
of delphinine. Our analyses have confirmed the presence of 
four methoxyl groups in the alkaloid. 

A study of the saponification of the alkaloid with alkali and 
titration of the liberated volatile acids has shown that two acid 
groups are removed in the process. The liberation of benzoic 
acid was confirmed but in addition acetic acid was found to be 
present and was isolated as the silver salt. Experiments which 
are still in progress, and which will be reported in another con- 
nection, have indicated the presence of a hydroxyl group. 

Thus the functions of the 9 oxygen atoms of the alkaloid are 
defined by the four methoxyl groups, two acyl groups, and one 
hydroxyl group. On catalytic hydrogenation 3 moles of hydro- 
gen were absorbed by the alkaloid and a crystalline hexahydro- 
delphinine resulted. Since the latter on saponification no longer 
yielded benzoic acid but hexahydrobenzoic acid instead, the 
alkamine portion of the molecule was not hydrogenated. This 
parallels the experience with aconitine (5) and suggests a satu- 
rated character for the parent alkamine. 

In addition to the four methoxyl groups, delphinine has now 
been found to behave as if it contained an N-alkyl group. When 
the alkaloid was submitted to alkali fusion, methylamine was 
isolated from the volatile material and was identified as the 
picrate. If the group in question is an N-alkyl group, it must 
therefore be methyl. Hence there is a close parallelism in the 
pictures presented by delphinine and the aconite alkaloids. In 
the case of the latter, aconitine C34H47O11N (6, 7) behaves as if an 
N-ethyl group is present in addition to four methoxyl groups, 
three hydroxyl groups, a benzoyl, and an acetyl group. In 
hypaconitine, C38H46O10N, and mesaconitine, Cs3H460nN, the 
N-alkyl group has been shown to be methyl (7). 

Another observation which parallels the experience with 
aconitine is the so called “X-214®,'’ a substance obtained by Keller 
(2) by the oxidation of delphinine with permanganate and in 
which the salt-forming properties of delphinine have been lost. 
A provisional formula of C28H87O9N was derived for it. We have 
confirmed the production of this substance and the possibility is 
at once suggested of its analogy to oxonitine from aconitine. 
This is supported by the fact that just as oxonitine no longer 
contains the N-ethyl group (or equivalent) of aconitine, this oxi- 
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dation product likewise no longer possesses the N-methyl group 
(or equivalent) of delphinine. Titration after saponification has 
shown the liberation of two acid groups and therefore the reten- 
tion of the acetyl and benzoyl groups of delphinine, just as it has 
been found to be the case with oxonitine. It is most likely a 
lactam. A discussion of the exact formulation of this substance 
we wish to leave to a later occasion. 

EXPERIMENTAL 

Delphinine — The alkaloid fraction was obtained from the 
powdered seeds essentially as described by Markwood. The 
concentrated ligroin extract of the seeds was in turn exhaustively 
extracted with 3 per cent tartaric acid. During the first few 
extractions with the latter, calcium tartrate crystallized during 
the process and was removed by filtration. Later extractions 
were not complicated by this crystallization and the process was 
continued as long as the acid extract gave a precipitate with 
alkali. The acid extracts were cleared by shaking out suc- 
cessively with petroleum ether and ether and were then made 
alkaline. The precipitated alkaloid was reextracted with ether. 
The latter on concentration gave a copious basic oil in which 
crystals of delphinine formed. After standing the alkaloid was 
collected with a mixture of ether and petroleum ether. The yield 
approximated 0.8 gm. from 1 kilo of seeds. After recrystalliza- 
tion from alcohol the alkaloid formed six-sided plates which melted 
at 198-200°. Keller and Walz, as well as Markwood, have given 
the uncorrected melting point of 187.5°, and Stojanow the cor- 
rected figure 191.8°. We have found [a]f = +25° (c = 1.215 in 
absolute alcohol) . Keller gave [a = + 18.99° for a solution which 
had stood for 4 hours. He also reported a rotation taken shortly 
after solution of the alkaloid from which can be calculated a 
rotation of [a]^ = +22° (c = 0.86 in absolute alcohol). This 
value is comparable with our own. 


C„H460»N. 

Calculated. 

c 

66.07, 

H 7.57, 

N 2.34 

C,4H470.N. 


tf 

66.52, 

“ 7.72, 

“ 2.28 


Found, (a) 

tt 

66.04, 

“ 7.62 



“ (6) 

a 

66.00, 

‘‘ 7.61 



“ (c) 

n 

65.94, 

“ 7.61 



C«H«O.N. Calculated. 4(OCH,) 20.71, (N)CHi 2.61 
Found. ** 20.58 

** 20.45, 


2.62 
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15.295 mg. of delphinine were refluxed in 3 cc. of 0.1 N NaOH 
and 3 cc. of alcohol for 3 hours and titrated back against phenol- 
phthalein. Found, 0.347 cc. Calculated for 2 equivalents, 0.51. 

15.650 mg. were refluxed as above, but for 7 hours. Found, 
0.345 cc. Calculated for 2 equivalents, 0.522. 

Since the correct titration of the base wa-s undoubtedly affected 
by the basicity of the alkamine cleaved during the saponification, 
the following procedure was used. 

0.4255 gm. of delphinine was refluxed in a mixture of 10 cc. 
of N NaOH and 10 cc. of methanol for 2.5 hours and protected as 
usual from the air. The mixture was acidified with 5 cc. of 25 
per cent H2SO4 and then distilled with steam. The distillate was 
titrated with 0.1 n NaOH and was collected as long as the dis- 
tillate consumed alkali. The total alkali used was 13.66 cc. 
Calculated for 2 equivalents, 13.88 cc. 

The titration mixture was concentrated in vacuo and in a vol- 
ume of about 2 cc. was acidified with dilute HNOs. Precipitated 
benzoic acid was collected with water. After recrystallization 
from petroleum ether it melted at 121®. 

C7H«02. Calculated, C 68.82, H 4.96; found, C 68.70, H 5.02 

The above filtrate from the crude benzoic acid was extracted 
several times with small amounts of petroleum ether to remove 
dissolved benzoic acid and then carefully neutralized with dilute 
NaOH. After concentration to a small volume the mixture was 
treated with strong silver nitrate solution. The collected silver 
salt was recrystallized from dilute alcohol. 

CaHsOaAg. Calculated. C 14.38, H 1.81, Ag 64.64 
Found. 14.62, 1.89, “ 64.72 

Delphinine Hydrochloride — The salt was readily obtained by 
addition of dry ether to the concentrated solution of the alkaloid 
in methanol containing an excess of HCl. It formed needles 
from methanol and ether, which melted at 208-210®, depending 
upon the rate of heating. 

For analysis it was dried at 120® and 15 mm. 

Ca3H460«N HCl. Calculated. C 62.28, H 7.29 
Found. 62.16, '' 7.47 

62.40, ‘‘ 7.68 
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Hexahydrodelphinine — 0.11 gm. of delphinine was dissolved 
in a few cc. of alcohol containing 0.2 cc. of acetic acid, and hydro- 
genated with 50 mg. of platinum oxide catalyst under a pressure 
of 3 atmospheres. Absorption was prompt and stopped after 
about 30 minutes. The absorption due to the substance was 12.6 
cc. of H 2 or approximately 3 moles. After removal of the solvent 
the substance crystallized readily under ether. After recrystalli- 
zation from this solvent it melted at 192-193®. 

C«»H5 iO»N. Calculated, C 65.41, H 8.49; found, C 65.33, H 8.21 

On saponification this substance gave no benzoic acid but an 
oily acid which from its odor and properties was imquestionably 
hexahydrobenzoic acid. 

Alkali Fusion of Delphinine — ^A mixture of 1 gm. of the alkaloid 
with 5 gm. of powdered KOH was heated in a Pyrex cylindrical 
vessel immersed in a nitrate bath. Hydrogen was passed through 
during the operation and volatile material was collected in a bent 
tube which formed the outlet. The gases were continued through 
wash bottles containing dilute HCl. Copious fumes were evolved 
and a yellow, viscous resin began to distil with the bath at 260®. 
The operation was held at this point for 30 minutes and was then 
discontinued. The yellowish resin was in large part dissolved by 
dilute HCl which rapidly assumed a violet color. This mixture 
was joined with the aid of alcohol with the contents of the wash 
bottles and was then extracted repeatedly with ether. The aque- 
ous phase was concentrated in vacuo to dryness, leaving a partly 
crystalline residue. On addition of a little water a resin remained, 
which was removed by filtration. The filtrate and washings 
were made alkaline and distilled with steam into dilute HCl. 
The latter on evaporation gave 9 mg. of a crystalline residue. 

This salt was decomposed under ether with NaOH. The 
ethereal solution which smelled strongly of methylamine was 
dried over KOH. On addition of ethereal picric acid solution a 
deposit of needles at once formed. After collection it was re- 
crystallized from alcohol ether and melted at 205-207®. 

C7H8O7N4. Calculated, C 32.31, H 3.11; found, C 32.41, H 3.01 

Oxidation of Delphinine — ^1.05 gm. of the alkaloid dissolved in 
100 cc. of dry acetone were treated with 1.1 gm. of KMnOi and 
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the mixture was occasionally shaken. Several days at room 
temperature were required before the reagent was used up. Since 
crystals of the oxidation product appeared on the walls of the ves- 
sel, more solvent was added and the mixture was warmed to dis- 
solve them. After filtration the Mn02 was again extracted with 
warm solvent. On concentration of the filtrate to small bulk 
successive fractions of the product were obtained, which amounted 
to 0.49 gm. 

For purification it was dissolved in chloroform and shaken out 
with dilute H2SO4 to remove any traces of unchanged alkaloid or 
other basic material. The concentrated solvent readily crystal- 
lized on addition of alcohol. Flat needles separated, which 
melted at 218-220°. Occasionally a melting point of 225° was 
observed. The apparently neutral character of the substance 
was confirmed. 

For analysis the substance was dried at 100° and 15 mm. 

Found. C 64.58, H 7.00, OCH, 19.60, (N)CH, 0.64 
“ 64.70, “ 6.90 

“ “ 64.82, 7.04, 19.38, “ 0.63 

Titration showed the retention of the benzoyl and acetyl groups in 
this substance. 

14.285 gin. of substance were refluxed in 3 cc. of 0.1 n NaOH 
and 3 cc. of alcohol for 4 hours and then titrated back against 
phenolphthalein. Found, 0.438 cc. For an approximate molec- 
ular weight of 600 the calculated value for 2 equivalents is 
0.47 cc. 
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STUDIES ON /3-GLUCURONIDASE* 

I. A METHOD OP PREPARATION AND PURIFICATION 

By W. H. FISHMAN 

(From the Department of Biochemistry, University of Toronto, 
TororUo, Canada) 

(Received for publication, October 20, 1938) 

The preparation of an extract from animal tissues containing an 
enzyme specific for the hydrolysis of jS-glucuronides was first 
described by Masamune (1). Oshima (2, 3) later studied the dis- 
tribution of this enzyme in the tissues of the dog and the ox and 
improved the method of preparation of active extracts. 

At the suggestion of Professor G. F. Marrian an investigation 
was undertaken to determine whether this enzyme might be con- 
cerned with the synthesis of estriol glucuronide in the female or- 
ganism. Furthermore, it was suggested that the hydrolysis of 
conjugated sex hormones in human urine for assay purposes by a 
potent preparation of the enzyme might prove to be more efficient 
than hydrolysis by mineral acids. 

As a preliminary to the main problems in this investigation, a 
study of the methods of preparation and the properties of jS-glu- 
curonidase has been made. The present paper deals mainly with a 
description of the methods of preparation of the enzyme. Fur- 
ther, experiments designed to indicate the possible r61e of the en- 
zyme in the detoxification of glucuronogenic substances by the 
mammalian organism are now in progress and will be reported 
at a later date. 

Method of Assaying Activity of ^-Glucuronidase Preparations 

Determination of Glucuronic Acid— The method developed by 
Miller and Van Slyke (4) for the microdetermination of blood 
sugar was modified for the determination of glucuronic acid. In 

♦ The term j8-glucuronidase is here used in preference to the term 
gluouronosidase as suggested by Masamune. 

367 



368 


jS-Glucuronidase. I 


the blood sugar method, potassium ferricyanide is reduced by the 
sugar and the amount of ferrocyanide so produced is then deter- 
mined by a direct titration with standard ceric sulfate solution, 
setopaline C being used as the oxidation-reduction indicator. 

The routine assay of the activity of /S-glucuronidase preparations 
was greatly simplified by substituting the ceric sulfate titration 
method for the Hagedorn-Jensen technique, as employed by the 
Japanese workers. 

Glucuron, rather than glucuronic acid, was selected for the 
standardization, since it can be more readily prepared in a pure 
state. Assuming that the reducing powers of glucuron and glu- 
curonic acid are proportional to their respective molecular 
weights,^ it is possible, after titrating known amounts of glucuron 
with ceric sulfate, to construct a standard graph correlating the 
corresponding amounts of glucuronic acid with the titration values. 
The ceric sulfate solution was therefore standardized against 
glucuron in the following manner. 

50 mg. of pure glucuron were dissolved in 50 cc. of distilled 
water. Aliquots of this solution were then pipetted into 50 cc. 
boiling tubes, an excess (2.5 cc. per mg. of glucuron) of alkaline 
potassium ferricyanide solution (5 gm. per liter) was added, and 
the volumes were equalized with distilled water. The tubes were 
covered with blown glass bulbs and placed in a vigorously boiling 
water bath for 15 minutes. They were then cooled in running 
water and the contents of each tube were titrated^ with 0.0216 n 
ceric sulfate solution^ after the addition of 1 cc. of 18 n H2SO4 and 
8 to 10 drops of setopaline C solution. 

The amounts of glucuronic acid corresponding to the amounts of 
glucuron used were plotted, as in Fig. 1, against the ceric sulfate 
titration values. 

By using a greater dilution of ceric sulfate, the method was 
applicable to the determination of much smaller amounts of 
glucuronic acid. For example, with 0.002 n ceric sulfate solution, 

^ In view of the observation of Goebel and Babers (5) that there is a 
slight difference in the relative reducing powers of glucuronic acid and 
glucuron when determined by the Shaffer-Hartmann procedure, this 
assumption may be only approximately true. 

* A standard 10 cc. burette, graduated in 0.05 of a cc., was employed. 

* In the preparation and standardization of the ceric sulfate solution, 
the directions of Miller and Van Slyke were followed. 
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0.1 to 1.2 mg. of glucuronic acid could be estimated over a titra- 
tion range of 14 cc. 

Preparation and Treatment of Enzyme Digeete — Sodium menthol 
glucuronidate was the substrate used in the experiments described 
in this paper. Pure menthol glucuronide was prepared by Bang’s 
method, as described by Quick (6). In preparing standard solu- 
tions of the sodium salt, the calculated volume of n sodium hydrox- 
ide solution was added to a weighed amount of menthol glucuro- 
nide in a 100 cc. volumetric flask together with 75 cc. of distilled 



Fig. 1. Standardization curve for glucuronic acid 

water. The pH of this solution was then adjusted to 4.8 to 5.4 
(outside indicator) with a few drops of n acetic acid. The solu- 
tion was finally diluted to 100 cc. 

The experimental tubes (50 cc.) contained enzyme extract, 0.10 
N acetate buffer of pH 5.2 to 6.4, and substrate solution usually 
in the ratio of 1:2:1, while the control tube contained buffer, 
substrate, and boiled enzyme in the same proportions. The 
tubes were stoppered and incubated for the desired length of time 
at 37.6®. At the end of this period, each digest was treated in the 
following manner. 
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After the digest was transferred to a 15 cc. centrifuge tube, an 
equal volume of 10 per cent trichloroacetic acid solution was added. 
Following centrifugation, the clear supernatant solution was re- 
turned to the original boiling tube and neutralized to phenol- 
phthalein with 2 n NaOH. Potassium ferricyanide solution (10 
cc.) was added and the reducing power determined by the modi- 
fied ceric sulfate method. The amount of glucuronic acid liber- 
ated was read from the standardization curve (Fig. 1) by substitut- 
ing the titration difference between control and experimental 
digests. 

Preparation and Purification of ^-Glucuronidase Extracts 

Little success was realized in obtaining a potent purified enzyme 
extract by the procedure of Oshima (3). After a critical examina- 
tion of the properties and solubilities of the enzyme, the present 
method was devised and found to be satisfactory. This process 
involves (1) initial extraction of the minced tissue with water, 
(2) acetone precipitation of the crude extract and subsequent ex- 
traction of the precipitate so produced with water, (3) acidification 
of this aqueous extract with acetic acid to pH 4.8 to 5.0, (4) 
evaporation to small volume in a current of air, (5) the application 
of an ammonium sulfate fractional extraction and precipitation 
technique to the concentrate. As high as 140-fold purifications 
have been achieved in this manner. 

The resulting purified solution of the enzyme possessed as 
great a potency as seemed necessary for the purposes outlined in 
the introduction and accordingly no further purification studies 
were undertaken. The details of the method of preparation and 
purification are as follows: 

Fresh beef spleen, free of fascia, was ground in a mincer. 585 
gm. of the tissue were then stirred for an hour with 1170 cc. of 
distilled water. This crude extract (A) was shaken with dia- 
tomaceous earth (20 gm. per liter) and centrifuged for 30 minutes. 
The supernatant solution (B) was precipitated with 2 volumes of 
acetone. The reddish brown precipitate which formed was cen- 
trifuged immediately, the supernatant solution was poured off, 
and the residue transferred with the aid of a rubber-tipped glass 
rod to a 2 liter beaker. Inasmuch as acetone seemed to inactivate 
the enzyme, a 5 minute period of rapid centrifugation, followed by 
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the removal of some of the acetone from the precipitate with a 
stream of air, was adopted as a precautionary step at this stage of 
the purification. The precipitate was vigorously stirred for 1 
hour with HOC cc. of water. 

The water-insoluble material was centrifuged off, leaving a very 
turbid supernatant solution containing the enzyme (C). The 
solution was adjusted to pH 4.8 to 5.0 with n acetic acid and 
warmed at 37.5® for 20 minutes. It was then centrifuged and the 
supernatant solution adjusted to pH 7 with n NaOH (D). The 
extract (1100 cc.) was poured into shallow porcelain dishes and 
evaporated to 160 cc. in a current of air at room temperature (E). 

An equal volume of saturated ammonium sulfate solution was 
added to the concentrate; the precipitate was separated and dis- 
solved in 100 cc. of water (F). The precipitate formed by adding 
to solution (F) 100 cc. of saturated aqueous ammonium sulfate 
was then stirred with 350 cc. of 35 per cent saturated ammonium 
sulfate solution. The insoluble fraction of this mixture was 
separated by centrifugation and preserved. The addition of 75 
cc. of saturated ammonium sulfate solution to the centrifugate 
caused complete precipitation of the enzyme, which was separated 
and dissolved in 50 cc. of water. The enzyme was precipitated 
from this aqueous solution (G) by half saturation with ammonium 
sulfate and the precipitate was stirred with 300 cc. of 40 per cent 
saturated ammonium sulfate solution. The insoluble residue 
was preserved and the extract was then brought to 50 per cent 
saturation by the addition of 55 cc. of saturated ammonium sulfate 
solution. The precipitate, after centrifuging, was dissolved in 25 
cc. of water (Hi). 

An aqueous suspension (130 cc.) of the combined 35 and 40 per 
cent insoluble material was half saturated with ammonium sul- 
fate and centrifuged. The precipitate was extracted with 300 
cc. of 37 per cent saturated ammonium sulfate solution and to the 
supernatant solution, after centrifuging, 85 cc. of saturated am- 
monium sulfate solution were added. The precipitate was cen- 
trifuged off and dissolved in 25 cc. of water (Hs). Solutions Hi 
and H 2 were combined, this final clear solution being denoted as 
(I) in Table I. 

The activity and protein nitrogen content of the extract at each 
stage of the purification were determined in order to obtain quanti- 
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tative purification data (Table I). Digests contained 1 cc. of 
enz 3 rnie extract (boiled in the control digests), 2 cc. of acetate 
buffer at pH 5.4, and 1 cc. of 0.056 n sodium menthol glucuroni- 
date. After incubation for 8 hours at 37.5® the liberated glu- 
curonic acid was determined by the ceric sulfate titration method. 

Table I 


Preparation and Purification of ^-Glucuronidase from Ox Spleen 
Hydrolysis was carried out at pH 5.4, 37.6®, for 8 hours; substrate, 0.0166 
N sodium menthol glucuronidate. 


Step 

Stage of preparation 

Activ- 

ity* 

Vol- 
ume 
of ex- 
tract 

Total 

activ- 

ity! 

Activ- 
ity per 
zng. 
pro- 
tein 
Nt 



mg. 

cc. 

mg. 

mg. 

A 

Aqueous suspension of minced tissue 

4.90 

1685 

8200 

0.63 

B 

Supernatant solution after centrifuging 
(A) 

4.60 

1140 

5200 

0.66 

C 

Aqueous extract of acetone ppt. of (B) 

3.46 

1190 

4100 

2.41 

D 

Acidified extract 

3.25 

1100 

3600 

8.10 

E 

Evaporated concentrate 

15.5 

160 

2500 

5.96 

F 

Solution of ppt. obtained from (E) by 
half saturation with (NH 4 ) 2 S 04 

20.0 

112 

2200 

16.80 

G 

Product of fractional extraction of ppt. 
salted-out from solution (F) with 35% 
saturated (NH 4 ) 2 S 04 solution 

29.6 

60 

1500 

45.60 

Hi 

(G) repeated on solution (G) with 40% 
saturated (NH 4 ) 2 S 04 

34.0 

25 

850 

63.00 

I 

Solution (Hi) combined with product of 
fractional extraction (37%) of insolu- 
ble residues from (G) and (Hi) 

26.0 

50 

1300 

87.00 


* Mg. of glucuronic acid liberated per 1 cc. of extract, 
t Number of cc. of extract times the number of mg. of glucuronic 
acid liberated per 1 cc. of extract. 

t Mg. of glucuronic acid liberated per mg. of nitrogen precipitable by 
10 per cent trichloroacetic acid. 


Before the activity of highly concentrated glucuronidase solutions 
was assayed, they were first diluted to strengths such as 1 :5, 1 : 10, 
and 1:20, depending on the amount of enzyme present. This 
course was necessary to avoid (1) a lowering of the pH of the digest 
by too great a liberation of glucuronic acid and (2) marked varia- 
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tions in the velocity of hydrolysis, the latter being eliminated 
when conditions were such that the final substrate concentrations 
in the digests were approximately the same. The activity of an 
extract was found to be directly proportional to the concentration 
of the enzyme. 

In determining the protein nitrogen of the extracts, 1 cc. of the 
extract was diluted to 2 cc. with distilled water in a 15 cc. centri- 
fuge cup and 2 cc. of 10 per cent trichloroacetic acid were added. 
After centrifuging, the supernatant solution was discarded, and 
the precipitate stirred with 5 cc. of water and centrifuged. Ab- 
sence of sulfate ion indicated the removal of ammonium sulfate 
from the trichloroacetate precipitate likely to be adsorbed from 
extracts at steps (F) to (I). After the supernatant solution was 
discarded, 2 cc. of concentrated sulfuric acid were pipetted into the 
vessel and the mixture, after standing for 5 minutes, was trans- 
ferred to a micro-Kjeldahl flask; washings were added and the 
total nitrogen was determined by a standard micromethod. 

An experiment identical with that just described yielded a final 
preparation whose activity per mg. of nitrogen was appreciably 
greater than that of preparation (I) (Table I). 

SUMMARY 

1. A ceric sulfate titration method has been applied to the es- 
timation of glucuronic acid liberated by the hydrolytic action of 
/3-glucuronidase. 

2. A rapid method for the concentration and purification of /3- 
glucuronidase from ox spleen is described. 

The author wishes to make grateful acknowledgment to Dr. G. 
F. Marrian, under whose direction this investigation has been 
carried out, and also to Dr. A. M. Wynne, for much helpful advice. 
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THE INFLUENCE OF OPTICAL ISOMERISM ON THE 
UTILIZATION OF TRYPTOPHANE, HISTIDINE, 

AND LYSINE FOR GROWTH IN THE MOUSE* 

By JOHN R. TOTTER and CLARENCE P. BERG 

{From the Biochemical Laboratory, State University of Iowa, Iowa City) 

(Received for publication, October 25, 1938) 

Interesting differences have been noted in the influence of op- 
tical isomerism on the utilization of the various essential amino 
acids by the rat for growth. Thus, when d(+)-tryptophane is 
added to a diet otherwise deficient in tryptophane it promotes 
growth which is quite as rapid as that induced when l( — )-trypto- 
phane is supplied (3, 21); under analogous conditions d(+)-his- 
tidine is somewhat less efficient than its natural isomer (9) and 
d( — )-lysine has no stimulating effect (5). The isomers of other 
essential amino acids have been similarly tested (19). 

In a recent paper Kotake, Ichihara, and Nakata (16) imply that 
marked differences exist between the rat and the mouse in the 
utilization of d(+)-tryptophane;^ from their presentation one is 
led to assume (although they do not specifically so state) that 
d(+)“tryptophane is entirely unavailable to the mouse for growth 
purposes. However, their experimental evidence is far from con- 
vincing; certainly their data cannot support any very definite 
conclusion. Their use of 10 per cent gelatin together with cystine 
and histidine as the sole sources of dietary nitrogen in their trypto- 
phane-deficient diet was most unfortunate. In the first place, 

* The experimental data are taken from a dissertation submitted by 
John R. Totter in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy in Biochemistry in the Graduate College of the State 
University of Iowa. 

A report was presented before the American Society of Biological Chem- 
ists at Baltimore, March 31, 1938 (Proc, Am, Soc. Biol. Chem., J. Biol. 
Chem., 123 , p. cxxii (1938)). 

' The paper also includes studies on l(-4-)- and dl-indolelactic acids and 
on 1(— )-methionine and l(-)-cystine. 
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this percentage of protein in the diet was probably too low (1)* 
Because of the shorter life cycle of the mouse and its more inten- 
sive metabolism its need of protein would be at least as great as, 
if not greater than, that of the rat; most diets for the latter con- 
tain 15 per cent of protein or more. In the second place, the amino 
acid deficiencies in gelatin are probably not limited to tryptophane, 
cystine, and histidine; at any jate gelatin is a notoriously poor 
protein and will not induce good growth in the rat, even when fed 
at high levels and supplemented with amino acid mixtures more 
extensive than this (16). 

The Japanese workers also reduced the allotment of salt mixture 
to half the amount ordinarily used for rats instead of increasing it 
as recommended by Beard for mice (1). Most of their supple- 
ments of tryptophane amounted to 0.05 per cent of the diet; in 
only two instances were they as great as 0.1 per cent. For the 
rat even 0.1 per cent is probably suboptimum. 

Obviously, if satisfactory comparisons are to be made between 
d(+)- and Z( — )-tr 3 ptophane, or any other pair of amino acid 
isomers, suitable basic criteria must be established. This was not 
done. No attempt was made to determine the response of mice 
to the unsupplemented diet, and growth in the — )-tryptophane 
controls was too erratic to constitute a reasonable basis for com- 
parison. The wide variations in weight changes (from a single 
gain as high as 2.5 gm. in 22 days to a loss as great as 4 gm. in 26 
days) indicate clearly that the deficiency of the basal diet was not 
met by the Z(— )-tryptophane supplied, whether because the allot- 
ment of this amino acid was too low to elicit consistent response or 
because the basal diet was too inadequate in other respects. 

Since the question raised by the Japanese authors is a funda- 
mental one, we have repeated their work on tryptophane, using 
the tryptophane-deficient casein hydrolysate commonly employed 
for rats at a level of 15 per cent of the diet (which preliminary 
tests indicated induced fairly good growth in mice), increasing the 
Hawk and Oser Salt mixture to 8 per cent (equivalent to the 7 per 
cent of the Osborne-Mendel mixture recommended by Beard), 
and including control animals on a diet unsupplemented with 
tryptophane. In addition we have made similar comparisons 
between the isomers of histidine and lysine. 
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BXPEHIMENTAL 

The Z(— )-tryptophane was prepared from tryptic digests of 
casein by the method of Cox and King (10) ; the Z(— )-histidine and 
the Z(+)-lysine were isolated from blood meal hydrolysates by the 
procedure described by Cox, King, and Berg (11). 

The d(+)-tryptophane, which was obtained by resolution of 
dZ-tryptophane as directed by Berg (2), showed [a]f = +32.4® 
for a 0.5 per cent solution in water. In preparing the d(+)-his- 
tidine monohydrochloride, dZ-histidine was first made by heating 
a concentrated solution of Z( — )-histidine monohydrochloride in 
water for 3 hours at 160-165°, as suggested by Duschinsky (12), 
and removing the hydrochloric acid with silver hydroxide. The 
dZ-histidine was combined with d(+)-tartaric acid to form the 
hydrogen tartrate salt. This was subsequently fractionated 
essentially as directed by Pyman (18). The tartaric acid was 
removed from the purified tartrate of d(+)-histidine by precipi- 
tation and the histidine was isolated as the dihydrochloride (7). 
The latter was converted to the monohydrochloride by the aniline 
method (8) and this was reprecipitated several times from aqueous 
solution with alcohol. An 8 per cent solution of the final product 
in water containing 1 equivalent of hydrochloric acid showed 
[aJo® = —8.24°. This agrees well with the specific rotations re- 
corded in the literature for (i(+)-hi8tidine monohydrochloride 
(see Cox and Berg (9)). The d(— )-lysine dihydrochloride was 
prepared from the dl modification which had been synthesized from 
cyclohexanone by the method of Eck and Marvel (13). Its 
isolation after resolution with camphoric acid has been previously 
dascribed (4) ; for a 3 per cent solution in water was — 15.63°. 

The basal diets used are indicated in Table I. The tr 3 q)to- 
phane-deficient casein hydrolysate was prepared according to the 
method of Berg and Rose (6), the histidine-deficient digest as 
outlined by Conrad and Berg (7). The zein was a purified product 
obtained from the A. E. Staley Company of Decatur, Illinois. 
The Z( — )-c 3 rstine was prepared from hair by a modification of 
Okabe^s method (17). 

In each instance when the natural and unnatural isomers of the 
deficient amino acids were supplied, they replaced an equal weight 
of the protein or of the basal amino acid mixture. The tr 3 q>to- 
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phane supplements were 0.2 and 0.1 per cent, the histidine mono- 
hydrochloride 0.5 per cent, and the lysine dihydrochloride 0.75 
per cent. When the amino acid was added as the hydrochloride, 
sodium bicarbonate equivalent to the hydrochloric acid was also 
included. The vitamin B complex was furnished as 150 mg. of 
Harris yeast vitamin concentrate in two doses daily. All of the 
dietary regimens were thus very similar to those usually employed 
for rats. 

The albino mice were of Strain A. Their breeding stock came 
from the Jackson Memorial Laboratories at Bar Harbor, Maine. 


Table I 

Composition {in Gm.) of Basal Diets 



Trypto- 

phane- 

deficient 

Histidine- 

deficient 

Lysine- 

deficient 

Tryptophane-deficient casein hydrolysate. . . 
Histidine-deficient casein digest 

14.7 

14.5 


Whole zein 


14.2 

Histidine monohydrochloride 



0.4 

Cystine 

0.3 

0.3 

0.3 

Tryptophane 

0.2 

0.2 

Agar 

2.0 

2.0 

2.0 

Salt mixture (Hawk and Oser (14)) 

8 0 

8.0 

8,0 

Sugar 

16.0 

16.0 

16.0 

Starch 

36.0 

36.0 

36.0 

Cod liver oil 

6.0 

6.0 

6.0 

Crisco 

19.0 

19.0 

19.0 

Sodium bicarbonate 

0.16 





! 100.0 

100.0 

100.26 


Usually two or three litters of approximately the same age were 
used in a single study and were placed on the experimental diet 
shortly after weaning. Initial weights ranged from 8 to 16 gm. 
The housing and care were essentially the same as for rats in sim- 
ilar studies. Precautions were taken to avoid exposure to drafts. 
Weight and food consumption data were recorded every 4 days. 
Since the actively growing period of the mouse is much shorter 
than that of the rat (Thompson and Mendel (20)) no advantage 
is gained by prolonging such studies on mice beyond 40 days. 
Data on growth are recorded in Charts I to III, which are 



J. R. Totter and C. P. Berg 


379 



Chart I. Growth curves of mice on a tryptophane-deficient basal diet 
supplemented w'ith d(-|-)- or )-tryptophane. A indicates supple- 
mentation with 0.2 per cent of /(— )-tryptophane; B, with 0.1 per cent of 
)-tryptophane; C, with 0.2 per cent of d(+)-tryptophane. D represents 
the unsupplemented basal diet. Initial and final weights are given in 
parentheses. ^ 



Chart II. Growth curves of mice on a histidine-deficient basal diet 
supplemented with d(4“)~ or f(— )-hi8tidine. A indicates supplementation 
with 0.6 per cent of f(~)-histidine monohydrochloride, and B, with 0.5 per 
cent of d(-h)“hi8tidine monohydrochloride. C represents the unsupple- 
mented basal diet. Initial and final weights are given in parentheses. 
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plotted on the same scale as that used by the Japanese workers. 
In Chart I comparisons between the animals receiving a supple- 
ment of 0.2 per cent of d(-f-)-tr 3 T>tophane and the controls whose 
diets contained none show conclusively that this unnatural isomer 
can support growth. Obviously, however, 0.2 per cent is less 
efficient than even 0.1 per cent of the natural form. The histidine- 
deficient diet contained enough histidine to allow maintenance 
(Chart II). Supplements of d(-|-)-histidine monohydrochloride 
made growth possible, but at a rate inferior to that attained when 
the monohydrochloride of natural histidine was substituted. In 



Chart III. Growth curves of mice on a lysine-deficient basal diet 
supplemented with d(— )- or /(-l-)-lysine dihydrochloride. A indicates 
supplementation with 0.75 per cent of Z(-f-)-lysine dihydrochloride; B, with 
0.75 per cent of d( — )-lysine dihydrochloride. C represents the unsupple- 
mented basal diet. Initial and final w^eights are given in parentheses. 

contrast to these findings are the observations on the rat that the 
two isomers of tryptophane promote growth with equal efficiency 
(3) and that d(+)-histidine is only slightly inferior to the natural 
Z( — )form (9). The growth obtained in the mouse on d(+)-tr 5 rpto- 
phane and d(+)~histidine cannot possibly be ascribed to an ad- 
mixture of traces of the natural isomers of these amino acids. 
The specific rotations were in both cases closely in agreement 
numerically (opposite in direction) with the values recorded in 
the literature for the natural isomer; even the most generous 
calculations do not warrant the assumption that enough of the 
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natural isomer was present to make an appreciable contribution 
toward growth. The results reported here have been duplicated 
on a second series of mice. The lysine-deficient diet allowed main- 
tenance or slow growth (Chart III). The diet was not further im- 
proved by adding d( — )-ly8ine, but marked growth did occur when 


Table II 

Food Consumption Data for 40 Day Supplementary Period 


Mouse 
No. and 
sex 

Average 
daily 
food oon- 
Bump- 
tion 

Mouse 
No. and 
sox 

Average 
daily 
food con- 
sump- 
tion 

Basal diet 
deficient in 

Supplement 


gm. 


gm. 


percent 

45 9 

1.85 

41 cT 

1.88 

Tryptophane 

None 

43 9 

2.35 

39 

37 cT 

2.33 

2.40 

it 

(( 

Tryptophane (0.2 d(4-)) 

“ (0.2 ‘‘ ) 

42 9 

2.51 

38 9 

2.50 

a 

“ (0.2 ?(-)) 

44 cf 

2.93 

40 & 

2.58 

it 

(0.1 ) 

62 c? 

2.08 

63 

2.13 

Histidine 

None 

65 9 

66 9 

2.23 

2.00 

64 cT 

2.13 

<( 

({ 

(( 

(< 

67 9 

2.25 

68 cf 

2.43 

it 

Histidine monohydrochfo- 
ride (0.5 d(-|-)) 

69 cf’ 

2.15 

70 

2.53 

11 

Histidine monohydrochlo- 
ride (0.5 d(-h)) 

71 9 

2.50 

72 cf 

2.58 

(( 

Histidine monohydrochlo- 
ride (0.5 l( — )) 

73 9 

2.88 

74 9 

2.45 

<( 

Histidine monohydrochlo- 
ride (0.5 l( — )) 

31 9 

2.08 1 

28 cf 

1.83 

Lysine 

None 

34 9 

1.90 

33 cf 

1.93 


(t 

25 9 

2.25 

30 

1.93 

<< 

Lysine dihydrochloride 

(0.75 ci(-)) 

35 9 

2.00 

32 & 

1.83 

( ( 

Lysine dihydrochloride 

(0.76 d(-)) 

27 9 

2.38 

26 cT 

2.55 

(1 

Lysine dihydrochtoride 

(0.76 ((+)) 

29 cf 

2.23 

36 cf 

2.35 

ft 

Lysine dihydrochloride 

(0.76 U+)) 


i(+)-lysine was employed. These observations are similar to 
those which have previously been made on the rat (5). 

Data on food consumption in the three studies are given in Table 
II. In computing averages for the animals in the tryptophane 
series only the 40 day experimental period was considered. As 
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was true for the rat, the average daily food consumption was 
almost invariably higher for the animals which showed the more 
rapid growth. On the whole the mice seemed to scatter food to a 
greater extent than we have noted with rats. To avoid this half 
ounce, opal glass ointment jars (low form) were used as food con- 
tainers. Through the lid of each was punched a hole 5/8 inch in 
diameter. For use by mice which scattered food badly these 
were placed in 100 cc. beakers, into which they fit nicely. Correc- 
tions for scattered food were always carefully made. 

With respect to the utilization of the isomeric modifications of 
tryptophane and histidine for growth one may conclude that the 
differences between the albino mouse and the albino rat are 
quantitative, rather than qualitative, in character. To judge by 
comparison with observations on the rat (7), the mouse probably 
does not invert the unnatural isomers of these amino acids rapidly 
enough to meet the requirements of growth. The underl 3 dng 
cause may be slower rate of inversion, more intensive metabolic 
demands, or both. Apparently unnatural lysine does not undergo 
appreciable inversion. These studies are being extended to com- 
pare similarly the optical isomers of other amino acids and to 
determine whether the amino acids essential to the mouse are the 
same as those required by the rat. 

SUMMARY 

The optical isomers of natural tryptophane, liistidine, and ly- 
sine have each been prepared and fed to mice in diets deficient 
only in the corresponding natural form, and under conditions 
analogous to those previously employed in similar studies on 
rats. The growth promoted by the unnatural isomers of trypto- 
phane and histidine is slower than that induced by the modifica- 
tions which occur naturally in proteins. The response is quantita- 
tively, but not qualitatively, at variance with that observed in 
rats. Unnatural lysine, in the mouse as in the rat, fails to pro- 
mote growth when added to diets deficient in natural lysine. 

BIBLIOGRAPHY 

1. Beard, H. H,, Am. J. Physiol., 75, 645 (1926). 

2. Berg, C. P., J. Biol. Chem., 100, 79 (1933). 

3. Berg, C. P., J. Biol. Chem., 104, 373 (1934). 



J. R. Totter and C. P. Berg 


383 


4. Berg, C. P., BioL Chem.j 116, 9 (1936). 

6. Berg, C. P., J. Nutrition^ 12, 671 (1936). 

6. Berg, C. P., and Rose, W. C., /. Biol. Chem.f 62, 479 (1929). 

7. Conrad, R. M., and Berg, C. P., J. Biol. Chem.^ 117, 351 (1937). 

8. Cox, G. J., J. Biol. Chem., 76, 476 (1928). 

9. Cox, G. J., and Berg, C. P., J. Biol. Chem.^ 107, 497 (1934). 

10. Cox, G. J., and King, H., in Clarke, H. T., et al.^ Organic syntheses, 
New York, 10, 100 (1930). 

n. Cox, G. J., King, H., and Berg, C. P., /. Biol. Chem., 61, 756 (1929). 

12. Duschinsky, R., Plaquette jubilaire Emile Christophe Bareli, Basel, 

375 (1936). 

13. Eck, J. C., and Marvel, C. S., J. Biol. Chem., 106, 387 (1934). 

14. Hawk, P. B., and Oser, B. L., Science, 74, 369 (1931). 

15. Jackson, R, W., Sommer, B. E., and Rose, W. C., J. Biol. Chem., 60, 

167 (1928). 

16. Kotake, Y., Ichihara, K., and Nakata, H., Z. physiol. Chem., 243 , 

263 (1936). 

17. Okabe, L., J. Biochem., Japan, 6 , 441 (1927-28). 

18. Pyman, F. L., J. Chem. Soc., 99, 1386 (1911). 

19. Rose, W. C., Physiol. Rev., 16, 109 (1938). 

20. Thompson, H. B., and Mendel, L. B., Am. J. Physiol., 46, 431 (1918). 

21. du Vigneaud, V., Sealock, R. R., and Van Etten, C., J. Biol. Chem., 

96, 665 (1932). 




STXJDffiS IN PROTEIN METABOLISM 

VIII. THE ACTIVITY OF THE a-AMINO GROUP OF HISTIDINE 
IN ANIMALS* 
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ALBERT S. KESTON 

(From the Department of Biological Chemiatryj College of Phyaiciana and 
Surgeona, Columbia Univeraityj New York) 

(Received for publication, November 25, 1938) 

In experiments in which animals were given ammonia (N^*) 
(1), or tyrosine (N^®) (2), there were isolated from the proteins 
several amino acids which contained significant amounts of iso- 
topic nitrogen. The diamino acids, lysine and ornithine from 
arginine, contained none. The amino acids which contained 
nitrogen so marked were histidine, glycine, glutamic acid, as- 
partic acid, and proline. All but the first of these are monoamino 
acids, in which the isotope must have been located in the a-amino 
group and must have been derived in the one experiment from 
ammonia and in the other from tyrosine. As the nitrogen atom 
in amino acids is stably bound (3), the transfer of nitrogen into 
an amino acid from another nitrogenous compound cannot occur 
by mere physical exchange. It must be due to chemical reactions 
involving both substances, the one of which acted as nitrogen 
donor (ammonia or tyrosine) and the other as acceptor (other 
amino acid). 

This paper is concerned with this biochemical reaction only 
in so far as it leads to the introduction of new nitrogen into 
histidine. Two different reactions might be responsible for the 
biological uptake of new nitrogen into amino acids: (a) the forma- 
tion of the amino acid from other substances, involving synthesis 
of the carbon skeleton, and (6) deamination of the amino acid, 
followed by amination of the reaction product. 

Histidine contains 3 nitrogen atoms, 1 in the a-amino group, 

* This work was carried out with the aid of a grant from the Josiah 
Macy, Jr., Foundation. 
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and 2 in the imidazole ring. It was hoped that if the isotope 
could be located at 1 of the 3 nitrogen atoms in the compound 
isolated from the animals, insight could be obtained into the 
chemical reaction to which the amino acid had been subjected. 
A small amount of isotopic histidine from the proteins of rats 
which had been given isotopic ammonia (1) was treated with 
nitrite (4), and the resulting imidazolelactic acid subjected to 
isotope analysis (5). As it was found to contain normal nitrogen, 
all of the isotope must have been present in the nitrogen of the 


CH 

hn/"%n 


HC 


CH 

hn/%n 


NH, 


-f HNO, 


C CH COOH 


HC 


OH 


+ NN -f H2O 


CCHCOOH 


a-amino group.^ As the total histidine contained 0.013 atom per 
cent excess, the a-nitrogen atom possessed 3 times this con- 
centration; i.e.y 0.039 per cent. 

The process which led to the introduction of the marked nitro- 
gen into histidine had therefore involved only the a-carbon atom, 
and consisted of successive deamination and amination. From 
the experiment in which isotopic tyrosine was administered there 
was not enough histidine available for the degradation, but it is 
highly probable that in this case also the new nitrogen was in the 
a-amino group alone. 

This result is in agreement with the known fact that histidine 

1 The marked nitrogen atom, containing more than normal, is desig- 
nated in the formula by the asterisk. We propose to use this sign for the 
designation of all such atoms marked by an increase of isotope content. 
We suggest its use also for deuterium-containing compounds: alanine with 

NH2 


marked hydrogen at the a position will be written CHaC — COOH; the use 

H* 


NH, 


of the letter D, as in CHaC—COOH, will be reserved for compounds in 

I 

D 

which the hydrogen atom in question consists entirely of deuterium. 
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is an indispensable amino acid, the carbon skeleton of which 
the animal organism is unable to synthesize in appreciable 
amounts. However, it is known that when histidine is absent 
from the diet, the animal organism has the ability to introduce 
the a-amino group into imidazolelactic or imidazolepyruvic acid, 
as both compounds may replace histidine in the diet of growing 
rats (6). Furthermore, it has been found (7) that under the same 
conditions the unnatural d(—)-histidine can be converted into 
i(+)-hi8tidine. This conversion must have involved deamination 
of the unnatural compound followed by amination of the result- 
ing imidazolepyruvic acid. 

The new results with marked nitrogen are in agreement with 
earlier findings in which animals on ordinary stock diets were 
given heavy water to drink (8). A number of amino acids, 
including histidine, isolated from the animals contained stably 
(carbon) bound deuterium. As only chemical reactions can be 
held responsible for the introduction of the stably boimd hydrogen 
isotope, it was suggested that histidine (and some of the other 
indispensable amino acids) had been successively deaminized and 
aminized. According to the generally accepted view on biolog- 
ical synthesis and deamination of amino acids, the intermediates 
in this process must be keto acids and the reaction involves the 
hydrogenation of a double bond. If this is carried out in a 
medium of heavy water, as was the case in the animals given 
heavy water to drink, the hydrogenation must result in the 
introduction of at least 1 stably bound deuterium atom; namely, 
at the a-carbon atom.^ 

The uptake into histidine of marked hydrogen from the body 

* The histidine isolated from these animals contained an amount of 
deuterium corresponding to more than the uptake of 1 hydrogen atom from 
the body fluids (1.6 and 1.3 atoms respectively, see (8) Table I), This find- 
ing is not in disagreement with the reactions formulated above. Through 
enolization of the keto acids, more than 1 hydrogen atom of the medium 
may be introduced. The same reasoning applies to the enimino acid 
NH2 ^ 

I 

R — O-C COOH discussed as intermediate by von Euler and collabora- 

I 

H 

tors (9). 
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fluids and of marked nitrogen from other nitrogenous compounds 
observed in four different biological experiments must, on the 
basis of the new findings, be explained by the same biological 
reaction; namely, the successive deamination of the a-amino 
group followed by amination of the resulting imidazolepyruvic 
acid. It is noteworthy that this reaction had been observed on 
histidine isolated from the bodies of normal animals kept on 
ordinary stock diets. The process of successive deamination and 
amination of histidine is obviously a normal metabolic event. 

EXPERIMENTAL 

To 200 mg. of histidine monohydrochloride, obtained from the 
bodies of rats given ammonium citrate (N^^) (1), dissolved in 
5 cc. of water, 170 mg. of freshly prepared silver nitrite were 


Table I 

Content in Histidine and Imidazolelactic Acid 


Prepara- 
tion No. 

Compound 

Prepared from 

Nis content 




atom per 
cent exce$» 

al40 

Histidine HCl 

Casein 

0.001 

a24 

(i n 

Rats given ammonia 

0.013 

al39 

Imidazolelactic acid 

Preparation al40 

0.002 

al41 

ii if 

i 

0.001 


added, and the mixture was shaken for 20 hours in a test-tube 
closed by a capillary. The precipitate was filtered off and silver 
was removed from the solution with H 2 S. The crystals formed 
in the concentrated solution were twice recrystallized from a 
small quantity of water. 56 mg. of material were obtained, 
melting at 204.5°. N (Kjeldahl) found 18.1 per cent, calculated 
18.2 per cent. 

The determinations of nitrogen isotope were carried out accord- 
ing to the method described in a previous publication (5). The 
histidine was reported to contain 0.012 atom per cent (1). 

This was the mean of two independent series of analyses. We 
have again analyzed this preparation on the same days as when 
samples of the degradation product, imidazolelactic acid, were 
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investigated. The new value 0.014 per cent is in good agreement 
with the earlier results. The mean of all these determinations is 

0.013 atom per cent On the same days there were also 

analyzed samples of natural histidine (three analyses) and or- 
dinary imidazolelactic acid (two analyses). The values given in 
Table I are the mean values. Both preparations of imidazole- 
lactic acid as well as the histidine from casein show the normal 
abundance of N'® within the limits of error. 

SUMMARY 

1. Isotopic histidine (N^®) obtained from the carcass protein of 
rats which had been given ammonia was converted into imid- 
azolelactic acid. As this compound contained normal nitrogen, 
the isotope in the histidine was only in the a-amino group. 

2. This finding taken together with the results of experiments 
in which animals were given tyrosine (N^®) or heavy water indi- 
cates that histidine, even in normal adult animals kept in energy 
and nitrogen equilibrium, is subject to a continuous process of 
successive deamination and amination involving only the a-amino 
group. 
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THE PROBABLE mENTITY OF a- AND 
^-LINOLEIC ACIDS* 

By R. W. RIEMENSCHNEIDER,t D. H. WHEELER, and 
CHARLES E. SANDO 
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Chemistry and Soils, United States Department of 
Agriculture, Washington) 

(Received for publication, November 2, 1938) 

Preliminary to a study of the glycerides of cottonseed oil, it 
was found necessary to prepare pure linoleic acid for the synthesis 
of certain glycerides. The only method available for the prepa- 
ration of this acid in the quantity and degree of purity desired 
involved the bromination of free acids of an oil rich in linoleic 
acid and subsequent reduction of the crystalline tetrabromo- 
stearic acid with zinc. However, some doubts have been ex- 
pressed as to whether linoleic acid thus prepared is identical with 
the natural acid in the oil, since it has been repeatedly noted that, 
besides the crystalline bromide, a liquid bromine addition com- 
pound is formed. This observation led Bedford (1) to suggest 
that two isomeric linoleic acids existed. To differentiate the two 
forms, he designated as a-' the crystalline bromide and its re- 
generated linoleic acid; as /S-, the liquid bromide and its regenerated 
linoleic acid. 

Although this suggestion has been given support and credence 
by some authors, others have held the opinion that only one 
geometrical configuration of linoleic acid exists. If the latter 
view is correct, the a- and jS-tetrabromides must be regarded as 
racemic isomers, which upon reduction with zinc should regenerate 
the same linoleic acid. 

* Food Research Division Contribution No. 398. 

t Research Fellow in Cottonseed Products, National Cottonseed Prod- 
ucts Association, and Collaborator, Bureau of Chemistry and Soils, United 
States Department of Agriculture, 

^ The terms a and are used throughout this paper merely for con- 
venience and not to imply configurational significance. 
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That the regenerated linoleic acid from the a-bromide is iden- 
tical with natural linoleic acid has been shown by the work of 
Rollett (2), Birosel (3), Brown and Frankel (4), and others. They 
have established that the bromination of a- and natural linoleic 
acid produces the same crystalline tetrabromostearic acid, m. p. 
114-116®, in yields approaching but not exceeding 50 per cent 
of theory. They obtained also, somewhat similar yields of a 
liquid tetrabromide (/5-). 

The regenerated linoleic acid from the /S-bromide, however, has 
not been extensively investigated and the few observations re- 
ported are not convincing that it is identical with a- and natural 
linoleic acid. Rollett (2) obtained impure /S-linoleic acid (iodine 
number 159.5; theory 181T4), which upon bromination gave only 
26.2 per cent yield of crystalline bromide, m. p. 113-114®. Simi- 
larly, Green and Hilditch (5) obtained an impure jS-linoleic acid, 
iodine number 133.1, which upon oxidation with alkaline per- 
manganate gave only 5 per cent of the theoretical amount of 
mixed sativic acids, whereas the same procedure applied to a- 
linoleic acid gave 65 per cent. From their work on /3-linoleic 
acid the latter authors concluded: ^Trom the oxidation results, 
it appears still to contain a certain amount (perhaps 10-12%) 
of the a-acid; whilst, from its low I. V. and other considerations, 
we are inclined to suspect that part, at least, of this product has 
undergone more profound alteration than the mere conversion 
of cis- into traiis-ethenoid linkages. 

Analogous to the bromination, the alkaline permanganate oxi- 
dation of linoleic acid would be expected to produce two tetra- 
hydroxystearic acids (sativic acids). There appears to be at 
least some evidence that such is the case. However, contradic- 
tory information exists concerning these oxidation products. 
Hazura (6) reported a series of fractions of indefinite melting 
points varying from 154® to 173® in his attempts to identify 
the sativic acids. Nicolet and Cox (7) were the first to report 
two sativic acids, one melting at 153® and the other at 170®, 
from a single oxidation experiment. Green and Hilditch (5) 
obtained the values 155® and 173®, whereas Birosel (8) in recent 
work reported 163® and 174®. All of these authors, with the 

* The term ‘‘natural” refers to linoleic acid present in the mixed acids 
of an oil or to linoleic acid obtained by crystallization of such mixed acids 
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exception of Green and Hilditch, limited their oxidation studies 
to a- and natural linoleic acid. 

From the foregoing, it was considered desirable to attempt the 
preparation of /3-lmoleic acid in reasonably pure form and to com- 
pare the products of bromination and oxidation of this acid with 
those obtained by similar treatment of a-linoleic acid. 

Accordingly, in the investigation herein reported both a- and 
/5-linoleic acid were prepared. These were obtained in reason- 
ably pure state as judged by the iodine number, neutralization 
equivalent, and other constants. The products isolated from 
the bromination and oxidation of /S-linoleic acid were found to be 
identical with those similarly obtained from the a acid. Only 
two tetrabromides and two sativic acids could be isolated. 

The above facts, taken in conjunction with certain theoretical 
considerations which are discussed later in this paper, seem to 
indicate that a-, /3-, and natural linoleic acids are identical and 
that two tetrabromostearic acids and two sativic acids may 
reasonably be expected on the basis of a single geometrical con- 
figuration for linoleic acid, 

EXPERIMENTAL 

Source of Starting Material — 1400 gm. of the total mixed acids 
of cottonseed oil were dissolved in 5 liters of acetone. The solu- 
tion was allowed to stand overnight at — 15®, after which the sepa- 
rated solids were removed by suction filtration. 844 gm. of un- 
saturated acids, iodine No.* 150.0, were obtained from the 
filtrate. This portion was brominated in ether at —10® to 0® 
according to Rollett's procedure (2). 579 gm. of crystalline tetra- 
bromides, m. p. 114.5-115.0°, were obtained. No evidence of 
any other crystalline or solid bromide was observed. 

Preparation of a-Methyl Linoleate — The debromination of the 
crystalline bromide was accomplished by treatment with zinc 
and methyl alcohol, as described by Kimura (9). From a 50 
gm. portion, 22.6 gm. of water-clear, distilled methyl linoleate 
were obtained, iodine No, 171.2, theory 172.6; saponification 
equivalent 294.5; = 1.4592. The yield is 92.3 per cent of 

theory. 

Bromination of a-Linoleic Add — ^33 gm. of linoleic acid obtained 

• The Wijs method (1 hour) was used for all iodine numbers determined. 
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by saponification of 35 gm. of a-methyl ester were brominated 
in 330 cc. of anhydrous ether at —10 to 0®. A three neck, 1 
liter balloon flask equipped with an efficient mechanical stirrer 
and a dropping funnel was used. After the removal of the slight 
excess of bromine with a few drops of amylene, the first crop of 
crystals was filtered off. The filtrate was concentrated to about 
150 cc. and a second crop taken. These solid bromides were re- 
crystallized from a mixture of ether and petroleum ether (1:2). 
32.1 gm. of a-tetrabromostearic acid, m. p. 115.0-115.3°, were 
obtained. Yield 45.4 per cent. A mixed melting point with 
the first preparation, m. p. 114.5-115.0°, showed no depression. 

The ether was evaporated from the filtrate of the second crop 
of crystals. To this residue 200 cc. of petroleum ether were added 
and the solution cooled at —15° overnight. The semisolid ma- 
terial which separated was removed by filtration. It weighed 
3.2 gm. and appeared to be a mixture. The petroleum ether of 
the filtrate was removed by distillation; the final traces under 
reduced pressure. The slightly straw-colored oily residue of 
iS-tetrabromostcaric acid weighed 34.0 gm. Yield 48.1 per cent 
of theory. Attempts to crystallize it from petroleum ether 
resulted in a tacky, wax-like mass. 

Preparation of ^-Methyl Linoleate — 33 gm. of the jS-tetrabromo- 
stearic acid were debrominated in the same manner as described. 
The product obtained as the methyl ester was fractionated by 
distillation under reduced pressure four times, since it became 
apparent that higher boiling material was present. A water- 
clear product comparable in boiling point to a-methyl linoleate 
was obtained. Fractions 1 and 2 (11.07 gm.) represent a yield 
of 70.1 per cent of theory. The analyses of the fractions are given 
in Table I. The presence of higher boiling material was not 
apparent in the distillation of the a-methyl linoleate previously 
described. It should be noted, however, that any side products 
formed on bromination would likely give rise to contaminants in 
the jS-linoleic acid. Rollett (2) also called attention to the pres- 
ence of higher boiling material but did not effect a good separa- 
tion. Fractions 2 and 4 had maleic anhydride (Diene) values of 
4.6 and 23.2, respectively, which, in view of their higher saponifi- 
cation equivalent, may indicate that to a small extent conjugate 
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linkages were formed and that subsequent polymerization or cycli- 
zation involved the carboxyl group. 

It appears from these data that at least the greater portion of 
the original /S-methyl linoleate fraction had chemical constants 
which were similar to those of a-methyl linoleate and reasonably 
close to theory. 

Bromination of 0-Linoleic Add — 2.39 gm. of /3-linoleic acid, 
obtained from Fraction 1 by saponification, were brominated in 
25 cc. of anhydrous ether at —10®. 1.88 gm. of cr 3 r 8 talline tetra- 
bromostearic acid, m. p. 114.0-114.5®, were obtained in the same 
manner as described. A mixed melting point with a-tetrabromo- 


Table I 

Analysis of Fractions Obtained by Distillation of ^-Methyl Linoleate 


Fraction 

No. 

Weight* 

Iodine No. 
(Wijs) 

Saponification 

equivalent 

Refractive 
index, 25* 

1 

gm. 

7.75 

170.9 

295.0 

1.4591 

2 

3.32 

168.1 

297.1 

! 1.4592 

3 

0.64 

154.1 

302.9 

1.4591 

4 

1.29 

129.3 

313.1 

I 1.4592 

Residue 

1.60 

97.3 


1.4593 


* These weights were corrected for transfer losses and for samples re- 
moved for analyses. 


stearic acid, m, p. 115.0-115.3®, produced no depression. The 
liquid bromide also formed was not investigated. 

The yield of crystalline bromide, 36.7 per cent, is about 10 per 
cent lower than was obtained on bromination of a-linoleic acid. 
Although adequate explanation for this is lacking, the yield is 
large enough to indicate that the greater portion of the acid 
must be identical with a-linoleic acid. 

Oxidation of a-Linoleic Acid — Fifteen separate alkaline per- 
manganate oxidations of a-linoleic acid were carried out in an 
attempt to determine conditions by which satisfactory yields of 
sativic acids could be obtained. Temperatures of reactants were 
varied between 0® and 30®. Wide ranges of concentration of 
reactants and time of reaction were employed. Repeated at- 
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tempts to duplicate the yield of 88 per cent of theory of sativic 
acids, m. p. 171-172°, reported by Haworth (10), resulted in 
yields of 50 to 60 per cent, m. p. 154-163°. However, reproduc- 
ible 3 delds of sativic acids, 61 to 62 per cent of theory, m. p. 
154-163°, were obtained by slight modifications of his procedure 
as follows: 300 cc. of 1 per cent potassium permanganate were 
added rapidly to a solution of 2.5 gm. of linoleic acid in 300 cc. 
of 1.5 per cent potassium hydroxide. The temperature of both 
solutions was 28-29°. The mixture was shaken for 2 minutes, 
decolorized with sulfur dioxide, and 50 cc. of 36 per cent hydro- 
chloric acid added. The precipitate was filtered by suction and 
washed with several small portions of water, acetone, and ether. 

Separation and Characterization of the Sativic Acids — In order 
to determine how many individual sativic acids and the approxi- 
mate proportion of each which were represented in the crude 
oxidation product, the following general procedure was developed 
for their separation and characterization. 10 gm., representing 
a portion of the combined crude oxidation product (m. p. 154- 
163°) obtained from fifteen oxidations, were first crystallized 
from 30 per cent acetic acid to remove soluble occluded impurities. 
The crystalline material was then extracted with boiling acetone 
(200 cc. per gm. of mixed acids) until the melting point of the un- 
extracted material was 168° or higher. Recrystallization of this 
residue from 50 to 55 per cent ethanol (200 cc. per gm. of residue) 
gave 3.28 gm. of a pure sativic acid (A), m. p. 174°, neutraliza- 
tion equivalent 349.3. The residue obtained from the acetone- 
soluble portion by evaporation of the solvent was crystallized 
several times from 40 to 50 per cent ethanol (200 cc. per gm. of 
residue) to give 2.90 gm. of a second pure sativic acid (B), m. p. 
163.5°, neutralization equivalent 349.3. Theory for the neu- 
tralization equivalent of sativic acid is 348.4. 

Since repeated crystallizations and partial extractions of the 
two acids thus obtained failed to change their melting points 
significantly, it may safely be assumed that they represent two 
separate and distinct pure sativic acids. Partial optical crystallo- 
graphic data^ as determined by the microscopical examination of 

^ All optical and crystallographic examinations were kindly made by 
Mr. G. K. Keenan of the Food and Drug Administration, United States 
Department of Agriculture. 
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these acids further confirmed the fact that they were not identical 
and also served to characterize them. Sativic acid (A), crystal- 
lized from 70 per cent ethanol to facilitate examination, con- 
sisted of very thin, colorless, rhomboid plates, forming rosette 
aggregates. When examined by the immersion method, most of 
these plates failed to show sharp extinction in parallel polarized 
light (crossed nicols). Occasionally, however, but very rarely, 
an elongated plate was found which showed straight extinction 
and negative elongation. In convergent polarized light (crossed 
nicols) sections perpendicular to an optic axis are common, these 
showing the emergence of an optic axis. On such fragments, the 
index of refraction by the immersion method was 1.535 and may 
be considered as the value. The lowest index of refraction 
which could be measured and only found after considerable search- 
ing was approximately 1.532 (ria). The maximum value, also not 
common, was approximately 1.555 (n^). It is therefore apparent 
that the double refraction is extremely strong {riy — n** = 0.023, 
approximately), A sample of sativic acid (B), crystallized from 
70 per cent ethanol, had a different appearance from sativic acid 
(A) when examined microscopically. The former consisted of 
rosette aggregates of very thin micaceous plates, which did not 
show any definite geometrical form like the latter. When ex- 
amined under the microscope in ordinary light, the material repre- 
senting the (B) acid was colorless, breaking up into thin papery 
fragments which showed a tendency to remain suspended on edge 
in the immersion liquid, giving the impression of needles. No 
brilliant polarization colors were shown with crossed nicols, 
mostly first order white being in CAudence. The lowest index of 
refraction that was measured on plates that could be rolled 
over from their edgewise position was 1.505, which was consider- 
ably lower than the lowest value obtained for the (A) acid. This 
was the only index value thaf could be determined with certainty. 
No interference figures were observed in convergent polarized 
light (crossed nicols). 

In addition to the two sativic acids which were obtained as 
previously described, further small quantities of crystalline ma- 
terial were obtained by concentrating the alcoholic mother liquors 
to small volume and cooling, 0.82 gm. (Ai), m. p. 157-^161'', 
neutralization equivalent 347.8, was obtained from (A) and 1.58 
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gm. (Bi), m. p. 153-166®, neutralization equivalent 349.5, was 
obtained from (B). In view of the fact that others have reported 
the presence of a pure sativic acid melting at 163® or 165®, it 
seemed desirable to ascertain whether these fractions consisted 
merely of mixtures of (A) and (B) or contained a third sativic 
acid. Accordingly, a series of mixtures of sativic acids was pre- 
pared containing weighed amounts of pure (A) and (B). The 
melting points of these mixtures were determined in accordance 
with the East (11) technique. The data are shown graphically in 
Fig. 1. 

The temperatures used correspond, as in the East method, to 
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the readings at which the last trace of solid melted. It will be 
noted from this graph that a melting point of 156®, which repre- 
sents a eutectic composition of approximately 30 per cent (A) 
and 70 per cent (B), corresponds tfery closely to the values re- 
ported for a pure sativic acid by some authors. From the por- 
tion of the curve C-A, the composition of fraction (Aj) corresponds 
to approximately a 1:1 mixture. Fraction (Bi) corresponds 
closely to the eutectic mixture. Calculation from the graph of 
the composition of these two fractions, when losses during the 
separation procedure are allowed for, makes it possible to esti- 
mate that the composition of the original mixed sativic acids 
corresponds to about equal amounts of (A) and (B). 
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Oxidation of fi-Linoleic Acid — ^3.62 gm. of /S-linoleic acid (iodine 
No. 170.9) were oxidized in the manner described. After several 
crystallizations from 30 per cent acetic acid, 1.75 gm. of mixed 
sativic acids, m. p. 162.5-160.5^, were obtained. This material 
when separated as described above gave 0.51 gm., m. p. 173.5- 
174°, and 0.32 gm., m. p. 162.5-163.0°. Each of these specimens, 
when mixed with the corresponding sativic acid obtained from 
o£-linoleic acid, gave no depression in melting point. 

Also 0.41 gm. of mixed sativic acids, m. p. 153-157°, were re- 
covered from the alcoholic mother liquors. This melting point 
corresponds closely to that of the eutectic composition (Fig. 1). 
Similar calculation as employed above would indicate that the 
two acids were formed in equal amounts. The yield of the two 
sativic acids, however, was only 39 per cent as compared to 62 
per cent obtained on oxidation of a-linoleic acid. 

From the study of the melting points of known mixtures of the 
two acids, it appears that the sativic acid melting at 153° or 155°, 
which has been reported by others as a pure compound, was a 
mixture of sativic acids (A) and (B) of nearly the eutectic compo- 
sition. 


DISCUSSION® 

From the results reported in this paper and from some obser- 
vations of others, it has been shown that essentially only two 
tetrabromostearic acids are obtained on bromination of a-, i3-, 
or natural linoleic acid; likewise only two sativic acids are obtained 
on alkaline permanganate oxidation of each linoleic acid. These 
facts make it appear that the a-, /S-, and natural linoleic acids 
obtained from the more common seed oils are identical. 

Further consideration would also indicate that two bromina- 
tion and two oxidation products may reasonably be expected on 
the postulation of but one geometrical configuration for linoleic 

* Since the completion of the above investigation, a very recent paper 
by McCutcheon (12) has been called to our attention. Although the gen- 
eral conclusions regarding the probable identity of a- and jS-linoleic acids 
are essentially the same as those of the present authors, the explanation of 
the probable mechanism by which the bromination products may be formed 
is somewhat different. The present report, besides containing additional 
information concerning the preparation and bromination of a- and 
linoleic acids also deals with a study of the alkaline permanganate oxidation 
products of these acids. 
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acid. It is well known that the action of bromine on certain 
geometrical isomers, such as maleic-fumaric, cinnamic-allocin- 
namic, and oleic-elaidic acids, produces essentially either cis- or 
trans-addition compounds, but not both in the same reaction. 
This behavior is known as cis- or trans-addition. The action of 
bromine on oleic-elaidic acids apparently gives only cis-addition, 
from interpretation of the work of Holde and Gorgas (13). Oxi- 
dation with alkaline permanganate, as a general rule, gives only 
cis-addition of hydroxyl groups to the double bond. If exclu- 
sively only one type of addition takes place to compounds con- 
taining one unsymmetrically substituted double bond, then only 
one of the two possible addition products (racemates) is formed. 
Linoleic acid contains two such double bonds. If it is assumed 
that only one type of addition has taken place to each of the eth- 
noid linkages of a single geometrical form of linoleic acid, only two 
racemic addition products are to be expected. The accompany- 
ing schematic representation may serve to picture the addition 
products that may be formed by cis-addition to the cis-cis isomer 
of linoleic acid. 

If it is considered that the A12, 13 position of cis-cis-linoleic 
acid (I) is first attacked, then the isomers (II) and (III) would be 
formed as intermediates, which on further bromination or oxida- 
tion would give rise to the end-products (IV), (V) and (VI), 
(VII), respectively. It will be noted that the end-products (IV) 
and (VII) are optical isomers and together would constitute a 
racemate. Likewise, products (V) and (VI) would represent a 
second racemate. 

For the purpose of illustration, the cis-cis configuration for lin- 
oleic acid, which is considered the more likely form from anal- 
ogy to oleic acid, has been used to represent the addition products. 
It is interesting to note, however, that the same reasoning ap- 
plied to each of the other three possible geometrical isomers of 
linoleic acid, the cis-trans, trans-cis, and trans-trans forms, would 
lead to two different racemates. Thus, if the four geometrical 
isomers were present, the eight theoretically possible racemic 
addition products would be formed. The experimental data 
show that only two are obtained; hence the postulation of one 
geometrical configuration for linoleic acid appears justified. It 
may be further pointed out that if only trans-addition instead 
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of cis-addition were assumed to take place, the same reasoning 
would hold; forms (IV), (V), (VI), and (VII) would be produced 
by trans-addition to trans-trans-linoleic acid. 

SUMMAHY 

1. a- and /3-Iinoleic acids of similar chemical constants were 
prepared; their bromination and alkaline permanganate oxidation 
products were studied. 

2. Only two tetrabromostearic acids and two sativic acids 
were obtained. With the exception of the liquid tetrabromide, 
these products were separated in pure form and characterized. 

3. It is believed that a-, /?-, and natural linoleic acids are 
identical and have but one geometrical configuration. 
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Chlorination products of naphthalene and related compounds 
are of considerable interest because of their wide industrial use 
and possible toxic properties. The toxicity of a number of these 
compounds has been worked out in detail (1), and the pathological 
changes which result from their action have been studied (2). 
The injurious effects are manifested by degenerative changes in 
the liver (2, 3) which are somewhat different from the changes 
produced by chloroform and carbon tetrachloride (2). Neverthe- 
less, small (sublethal) doses of carbon tetrachloride produce a 
high percentage of fatalities when administered to animals which 
have been exposed to certain chloronaphthalenes and chlorinated 
diphenyls (1). The toxicity of the chloronaphthalenes and allied 
substances tends to increase as the number of chlorine atoms in 
the molecule is increased. A mixture of trichloronaphthalenes 
is relatively innocuous, whereas a mixture of penta- and hexa- 
chloronaphthalenes produces considerable liver damage when 
given in small amounts (1). 

Apparently the mode of action of these compounds depends in 
some way on the presence of chlorine in the molecule, and the 
problem of their toxicity is closely related to the general problem 
of the toxicity of organic chlorine. It was interesting and im- 
portant, therefore, to determine as far as possible the fate of 
these compounds in metabolism. It is the purpose of this paper 
to report the results of experiments which indicate the main path- 
ways in the metabolism of one of the compounds previously 
studied (Compound D of Bennett, Drinker, and Warren (2)). 
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EXPERIMENTAL 

Material for Experiment — All experiments reported here were 
carried out on a mixture of polychlorinated naphthalenes which 
from the chlorine content appears to consist largely of penta- 
and hexachloro compounds. This material, used commercially 
for electrical insulation, has not as yet been resolved into its 
components. It contains 62.6 per cent chlorine. It is insoluble 
in water, ethanol, and acetone; very soluble (30 to 90 per cent) 
in xylene, benzene, and carbon tetrachloride; and moderately 
soluble (2 to 4 per cent) in esters, ethyl ether, oleic and palmitic 
acids, and olive oil. The flow point is at 121® to 125®, and the 
low vapor pressure is 0.2 mm. at 60® and 0.8 mm. at 130®. 

For convenience the material will be referred to hereafter as 
Compound D. 

Absorption — The compound, dissolved in olive oil, was given by 
stomach tube to albino rats (150 to 200 gm. of body weight) in 
doses varying from 1 to 15 mg. per day. The feces were collected 
for 3 day periods, and were dried at 80® for 4 days.^ The material 
then was pulverized and extracted with benzene in a continuous 
extractor. After the benzene was distilled off, the residue was 
transferred to a Carius tube with the aid of a little ether. The 
ether was removed by vacuum distillation; silver nitrate and 
nitric acid were added; the tube was sealed and heated for 2 
hours at 300®. The silver chloride was estimated gravimetrically 
by the method of Pregl (4). The chloride found in the extracts 
varied from 0.1 to 0.4 mg. of chlorine compared with 0.4 mg. of 
benzene-extractable chlorine found in the excreta of a control 
animal over a comparable period of time. To each of two control 
samples, 10.0 mg. portions of finely ground chloronaphthalene 
were added before drying. The chloride recovered was equiv- 
alent to 84 and 85 per cent of the organic chlorine added. 

Apparently, therefore, the rat can absorb chloronaphthalene 
given by mouth nearly quantitatively in amounts up to 15 mg. 
per day. When larger amounts were given (up to 40 mg. per 
day) the feces became semiliquid, and impossible to collect 

1 Finely ground Compound D lost less than 0.1 per cent of its weight 
when heated in the oven under the same conditions. 
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separately, so no quantitative experiments were undertaken. 
However, qualitative tests indicated the presence of organically 
bound chlorine. 

Toxicity — Doses of 5 to 10 mg. of Compound D per day were 
tolerated for a period of 5 weeks, the longest period studied. 
Doses of 15 mg. per day or greater uniformly killed the animals 
in 3 weeks or less. 

Deposition in Tissues — The observation of Drinker, Warren, 
and Bennett (1), that liver degeneration in rats which had been 
exposed to chloronaphthalene was still demonstrable microscopi- 
cally 2 months after removal from exposure, suggested that de- 
position of the material in the liver might take place during the 
period of exposure, followed by a slow liberation of the active 
toxic material. Consequently, liver tissue and later other organs 
and tissues from exposed animals were analyzed for organically 
bound chlorine. The tissues and organs were dried in the oven 
at 80° for 1 to 4 days. The dry material then was ground in a 
mortar and extracted with benzene. The benzene was removed 
by distillation and the residue was analyzed for chlorine by the 
method previously described, or in later experiments the chlorine 
was liberated by the procedure of Rauscher (5), and estimated 
either gravimetrically, as above, or volumetrically ((6) pp. 177- 
179). 

Liver — A total of fifteen livers from animals which had died 
from exposure to Compound D was analyzed. In one liver from 
an animal fed 15 mg. per day, 0.5 mg. of benzene-soluble chlorine 
was found; in no other sample was more than 0.3 mg. of chlorine 
found. Parallel determinations on normal livers gave similar 
results; a trace (0.1 to 0.3 mg. of chlorine) usually was found in 
the benzene extract. 

Lungs — The lungs from two exposed animals gave only traces 
of benzene-soluble chlorine. 

Skin — Two analyses of skin samples (about 18 sq. cm.) failed 
to reveal the presence in this tissue of any significant amount of 
organic chlorine. 

Kidney~~One analysis of the kidneys from three rats gave a 
total of 2.7 mg. of chlorine. 

The results show that no significant amounts of the chloro- 
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naphthalene are stored in the tissues examined, and indicate that 
the compounds must be either metabolized or excreted with 
considerable rapidity. 

Detoxication Products — Naphthalene (7, 8), monobromonaph- 
thalene (9), naphthalene monochloride (9), and bromobenzene 
(10) when fed to dogs are metabolized in part at least to mercap- 
turic acids. Consequently, a series of experiments on a dog was 
undertaken to determine whether chloronaphthalenes would be 
metabolized in a similar manner. 

A female dog weighing 15.4 kilos was placed in a metabolism 
cage and given a diet consisting of casein 240 gm., sucrose 440 gm., 
together with brewers^ yeast 88 gm., peanut oil 100 gm., cod liver 


Table I 

Urinary Sulfur Analyses Following Chloronaphthalene Feeding 
The values are given in mg. of sulfur, phenol, and chlorine respectively. 


Day 

Sulfur analyses 

Phenol 

Chloride 

Inorganic < 
SO4 

Neutral 

S 

Ethereal 

SO4 

Free 

Conjugated 

Inorganio 

Total 

10* 

151 

33 

6 

143 

74 

633 


11 

182 

19 

24 

166 

90 

932 

935 

12 

128 

22 

19 

116 1 

36 

766 

760 

13 

142 

22 

5 

146 

89 

672 



* 1 gm. of Compound D was given immediately after the collection of 
this sample was completed. 


oil 100 gm., salt mixture (Karr (11)) 11.2 gm. plus 21 gm. of tri- 
calcium phosphate per kilo of diet, and a small amount of meat 
extract for flavoring. The intake was stabilized at 150 gm. per 
day with slight loss of body weight. 24 hour urine specimens 
were collected by catheterization. Chlorides were estimated 
gravimetrically before and after evaporation and reduction of or- 
ganic material by the method of Rauscher (5). Total sulfur, 
and inorganic and ethereal sulfates were estimated by the meth- 
ods of Fiske (12), free and conjugated phenols by Folin^s proce- 
dures ((6) pp. 217-219). The data of one such experiment are 
presented in Table I. 

Administration of 1 gm. of Compound D to the dog produced a 
significant increase in the ethereal sulfate output from a basal 
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level of. 6 or 6 mg. of sulfur to 24 mg. the 1st day and 19 mg. the 
2nd day. However, there was no significant change in the neu- 
tral sulfur fraction, nor was there any marked change in the 
urinary excretion of glucuronic acid when measured by the method 
of Salt2 (13). 

The chloride analyses gave results of considerable interest. No 
organic chlorine was found in the urine. However, there was a 
significant increase in the chloride output above the basal level 
for the 2 days following administration of the chloronaphthalene. 


Table II 

Excretion of Urinary Chloride during Chloronaphthalene Feeding 


Day 

Group I 

Group 11 

Average urinary 
chloride 

Body weight 

Average urinary 
chloride 

Body weight 

40 mg. Compound D daily 

1 Basal diet 

1 

2 

3 

4 

5 

6 

mff. 

4.7 

7,3 

6.7 

7.2 

8.2 

7.7 

gm. 

172 

162 

149 

mg, 

3.3 

1.9 

4.2 

1.6 

2.0 

3.8 

gm. 

169 

168 

174 

Average 

7,0 


2.8 



Basal diet 

Fasting 

7 

2.0 

135 

6.3 

159 

8 

1.4 

125 

4.6 

148 

9 

1.1 

120 

1.6 

143 


The ^^extra^’ chloride amounted to 402 mg., a little over 60 per 
cent of the chlorine fed. This finding suggested the possibility 
that one of the early steps in metabolism of the chlorinated naph- 
thalene might be the liberation of the chloride. This possibility 
was tested in a series of three experiments on albino rats, the 
results of one of which are given in Table II. 

* There is some evidence (8) to indicate that the mercapturic acid deriva- 
tives of hydrocarbons are excreted as unstable conjugation products of 
glucuronic acid. 
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The rats were given a diet of lactic acid-casein, peanut oil, and 
corn-starch, with cod liver oil and yeast, and Osborne and Men- 
del’s (14) salt mixture modified by substituting lactic acid for the 
hydrochloric acid. After a few days the chloride excretion be- 
came stabilized at a relatively low level. Three animals then 
were given daily 40 mg. of Compound D dissolved in olive oil by 
stomach tube and the three controls were given an equal amount 
of olive oil. The excretion of chloride rose immediately in the 
chloronaphthalene-fed animals and remained at a high level as 
long as the material was given. The animals refused to eat after 
the first few days and lost considerable body weight, which sug- 
gested that part of the ^^extra” chloride excreted might originate 
in the tissues. However, when chloronaphthalene feeding was 
stopped, the chloride excretion promptly fell even though the 
animals continued to lose weight. Moreover, when similar losses 
in body weight were induced in the control animals by fasting, 
only small amounts of ^‘extra” chloride were excreted. 

DISCUSSION 

The metabolic dehalogenation of halogeno-aryl compounds 
apparently has not been observed previously. The observation 
that it does occur in the metabolism of poly chloronaphthalenes 
suggests the possibility that the process may take place more 
generally and previously may have escaped recognition. If this 
is proved true, the toxic properties of such compounds might be 
related to the process of intracellular liberation of halogen. 

SUMMARY 

The metabolism of a mixture of poly chloronaphthalenes was 
studied. The substance was found to be absorbed completely 
when given in olive oil solution to albino rats in doses up to 15 mg. 
per day. No significant storage of the material could be detected 
in lung, liver, skin, or kidney, nor was any significant amount 
excreted in the urine. Both the rat and dog apparently were 
able to remove and excrete the chloride promptly. A rise in the 
urinary ethereal sulfate fraction, but no significant change in the 
neutral sulfur excretion, was noted following chloronaphthalene 
feeding in the dog. 
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A STUDY OF BLOOD AND BONE PHOSPHATASE IN 
CHICK PEROSIS* 
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bandry ^ College of Agriculture^ University of Wisconsin, Madison) 

(Received for publication, November 19, 1938) 

Perosis in chicks, a disease characterized by bone deformities, 
is associated with a high intake of inorganic phosphate, calcium 
phosphate, or other calcium salts, and a low intake of manganese 
It was thought possible that this type of diet might have 
some influence on the phosphatase activity of the bones and blood. 
In 1931 Hall and King (7) studied the bone phosphatase activity 
of perotic chickens, using the method of Kay (8) for the phos- 
phatase determination, but could find no change. They con- 
cluded that the deformity was not due to an abnormal composition 
or structure of the bone. Gallup and Norris (9) have found that 
the bones of chicks suffering from perosis are perceptibly shorter 
and thicker than normal and that the bone development is af- 
fected. In our work we have also observed a malformation of the 
leg bones and this led us to believe that there might be some dis- 
turbance in bone metabolism which would affect the phosphatase 
activity. In this paper we wish to report the changes we have 
found in the bone and blood phosphatase activities of perotic 
and normal chicks. 


EXPERIMENTAL 

Day-old white Leghorn chicks were divided into groups of five 
chicks each and placed in suitable cages. The chicks were fed as 
a basal diet Ration 604, which has been described by Clifcorn and 

* A preliminary note on this work appeared in Science, 88, 383 (1938). 

Published with the approval of the Director of the Wisconsin Agricul- 
tural Experiment Station. 
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associates (6), for the uniform production of perosis. This ration 
consists of 48 dextrin, 15 dried beef kidney, 71; crude 
casein, 14; Salts 2 (10) (without manganese), 5; Ca 8 (P 04 ) 8 , 3; 
brewers^ yeast, 2; alcoholic extract of rice bran, 5; percomorph 
oil, 3 drops per chick per week. For the production of normal 
chicks this ration was supplemented with 50 mg. of manganese 
per kilo of ration (11). At the end of 6 weeks the chicks were 
removed from the experiment and blood and bone samples taken 
for the phosphatase determination. 

The samples were prepared as follows : The blood was obtained 
by bleeding the chicks from the carotid artery directly into oxa- 
lated tubes. The tubes were centrifuged and the plasma pipetted 
off and used immediately for the phosphatase determination. 

The bone samples were obtained by removing the tibia as soon 
as possible after killing the chick, weighing, and grinding in an 
iron mortar with a little water (12). The sample was transferred 
and made up to volume in a graduated cylinder, so that the sus- 
pension contained 5 per cent of bone in water. The samples were 
placed in Erlenmeyer flasks, 5 drops of chloroform added as a 
preservative, and the flasks tightly stoppered and allowed to ex- 
tract at room temperature for 48 hours. The extract was then 
filtered through a coarse filter paper and the filtrate used for the 
phosphatase determination. 

The phosphatase activity was determined by the method of 
King and Armstrong (13), modified as follows for use with the 
Evelyn photoelectric colorimeter. 

Reagents — A. A buffer substrate composed of 10.3 gm. of sodium 
veronal and 1.09 gm. of disodium phenylphosphate was dissolved 
in water and made up to 1 liter. This solution was preserved in a 
well stoppered bottle with a few drops of chloroform and stored in 
the refrigerator when not in use. 

B. Phenol reagent of Folin and Ciocalteu (14). This reagent 
was diluted 1:3. 

C. A 20 per cent solution of sodium carbonate, Na 2 C 03 . 

D. A phenol solution containing exactly 0.1 mg. per cc. (14). 

E. A standard phenol solution and reagent was prepared by 
mixing 5 cc. of phenol solution (D) with 15 cc. of diluted phenol 
reagent (B) and diluting to 50 cc. with water. This solution 
contained 0.01 mg. of phenol per cc. 
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Determination — 10 cc. of buffer substrate (A) are placed in a 
test-tube and the tube put into a 37.5® water bath for 5 minutes. 
Add exactly 0.5 cc. of blood plasma or bone extract filtrate to the 
tube, mix, and allow to remain in the water bath for 30 minutes. 
At the end of this time add at once 4.5 cc. of diluted Folin^s 
phenol reagent (B), mix, and filter. 2 cc. of filtrate are placed 
in a 25 cc. volumetric flask, 2,5 cc. of 20 per cent sodium carbonate 
(C) added, and the mixture made up to volume. Allow to stand 
for 20 minutes, transfer to a colorimeter tube, and read the color 
developed, using the Evelyn photoelectric colorimeter with a 
6600 A. filter. With substances of low phosphatase activity 
more than 2 cc. of filtrate are necessary in order to obtain a read- 
able color. 

Zero hour determinations are run on each sample. To 10 cc. 
of buffer substrate (A) are added 0.5 cc. of enzyme preparation 
and immediately 4.5 cc. of diluted phenol reagent (B), mixed and 
filtered. 10 cc. of filtrate are placed in a 25 cc. volumetric flask, 
2.5 cc. of 20 per cent sodium carbonate (C) added, and the mixture 
made up to volume and read as before. 

Standards arc prepared by taking 5 and 10 cc. of the standard 
phenol solution and reagent (E) and adding to each 2.5 cc. of 
20 per cent sodium carbonate (C) and making up to 25 cc. 

A blank is made by taking 3 cc. of diluted phenol reagent (B), 
adding 2,5 cc. of the 20 per cent sodium carbonate solution (C), 
and making up to 25 cc. This blank should be colorless. 

The mg. of phenol liberated are calculated by subtracting the 
mg. of phenol of the zero hour tubes from the mg. of phenol of 
the incubated tubes. This is a measure of the phosphatase ac- 
tivity, 1 phosphatase unit being that amount of enzyme which, 
when allowed to act upon an excess of disodium phenylphosphate 
at pH 9.0 for 30 minutes at 37.5®, will liberate 1 mg. of phenol. 

Results 

Blood and bone phosphatase activity was determined on birds 
receiving Ration 604 as the basal ration, on birds receiving this 
diet supplemented with manganese, and also on chicks receiving 
Ration 604 plus 3 mg. of magnesium per week by injection. The 
results are given in Table I. 

From Table I it can be seen that birds suffering from perosis 
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have lower blood and bone phosphatase activity than normal 
birds. In order to decide whether the lowering was due to perosis, 
or that the lowering preceded the onset of perosis, the following 
experiment was performed. Day-old white Leghorn chicks were 
divided into two groups of thirty chicks each. One group was 
fed Ration 604; the second group, the same basal ration supple- 
mented with 50 mg. of manganese per kilo. Chicks w^re taken 
off the experiment every 3 days and blood and bone phosphatase 
activity determined. The results are plotted in Charts I and II. 

From the curves it can be seen that the phosphatase activity 
of both blood and bone is high in day-old chicks. It then falls 
rapidly and reaches a fairly constant level. Common (15), using 
a ration consisting of bran, pollards, corn-meal, ground oats, 
extracted soy bean meal, salt, and oyster shells, found that the 


Table I 

Blood and Bone Phosphatase Activity of Perotic and Non-Perotic Birds 


1 

Ration No. 

Perosis 

No. of 
birds 

Units of blood phospha- 
tase per 100 cc.* 

No. of 
birds 

Units of bone phospha- 
tase per gm. green bone* 

604 

Yes 

22 

8.3 (2.1-16.5) 

38 

4.7 (2.3- 7.5) 

604 -h Mn 

No 

21 

22.6 (19.6-28.0) 

39 

9.1 (7.1-15.8) 

604 -h Mg 

Yes 

6 

13.1 

6 

4.9 


* The figures in parentheses represent the limits. 


serum phosphatase activity of chicks showed a rapid increase for 
about 10 to 12 days after hatching and then fell rapidly to a low 
level at 3 weeks. As our ration contains a high level of calcium 
phosphate this may account for the rapid decrease in phosphatase 
activity we have observed. 

It is evident from the records shown in Charts I and II that the 
chicks receiving the added manganese maintained a higher level 
of phosphatase activity from very shortly after the initiation of 
the experiment. Thus it is apparent that the lowering of phos- 
phatase activity definitely precedes the appearance of slipped 
tendon. 

The effect of other calcium salts on the phosphatase activity 
was also studied. These salts replaced the calcium phosphate in 
Ration 604 at the same percentage level. The data are given in 
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Table II. Here again the activity was lowered, but not depressed 
as far as when the calcium phosphate was fed. A possible ex- 
planation for this is seen from our work in vitro, described later, 
which shows the inhibitory effect of the calcium and phosphate 
ions. The effect of the phosphate ion is absent when calcium 
carbonate or calcium lactate is fed and only the calcium ion exerts 



Chart I. O represents blood plasma phosphatase activity of perotic 
chicks; 0, blood plasma phosphatase activity of non-perotic chicks. The 
arrow indicates the first appearance of perosis. 

an inhibitory effect. The effect of the calcium lactate on the 
phosphatase activity is less than that of the calcium carbonate, 
as the calcium lactate contains only one-third as much calcium. 

The blood and bone phosphatase activity of chicks raised on a 
ration in which the calcium and phosphorus levels were not dis- 
torted was determined. The ration used was our grain ration, 
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No. 351 (16), which consists of yellow com 68, wheat middlings 
26, casein 12, salt 1, CaCOa 1, Ca8(P04)8 1, yeast 1, cod liver oil 1. 

The following figures show that the blood and bone phosphatase 
activities are higher in these chicks fed ration 351 than in chicks 
receiving Ration 604: nine chicks, 51.3 units of blood phosphatase 
per 100 cc.; ten chicks, 9.3 units of bone phosphatase per gm. of 
green bone. 



Chart II. O represents bone phosphatase activity of perotic chicks; 
©, bone phosphatase activity of non-perotic chicks. The arrow indicates 
the first appearance of perosis. 


Since the feeding of manganese increased the phosphatase ac- 
tivity, and when large amounts of calcium phosphate were added 
to the ration there was a lowered activity, it was decided to study 
the effect of various ions in vitro. The data secured are given in 
Table III. 

From these results it may be seen that the enzyme is activated 
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Tabls 11 


Effect of Calcium Salte on Phosphatase Activity 


Ration No. 

Salt used in ration 

Perosis 

1 

No. of 
birds 

1 

Units of 
blood pbo8> 
phatase per 
100 cc. 

No. of 
birds 

Unite of 
bone pboB> 
phatase per 
gm. green 
bone 

eo4 

Ca,(P 04 ).* 

Yes 

2 

18.8 

4 

6.1 

604 

CaCO, 

tt 

4 

16.2 

5 

6.7 

604 

Calcium lactate 

tt 

5 

27.6 

5 

9.2 

604 -f Mn 

ca,(P04)* ; 

No 

5 

30.0 

5 

13.6 

604 + 

CaCO. I 

<« I 

5 

32.6 

5 

15.8 

604 + 

Calcium lactate 

a 

5 

40.8 

5 

16.1 


* All calcium salts were fed at a 3 per cent level. 


Table 111 

Effect of Various Ions on Activity of Bone Phosphatase 


Ion added 

Amount of ion added 

Mn 

n 

1 microgram 

10 micrograms 

tt 

60 

tt 

100 

tt 

1 mg. 

Mg 

1.6 

Ca 

0.2 

tt 

2 

Ca) 


0.2 

MnJ 


100 micrograms 

Cai 


2 mg. 

MnJ 


100 micrograms 

PO 4 

0.2 mg. as P 

tt 

2 tt tt tt 

tt 

i 

0.2 

Mn^ 

1 

100 micrograms 

PO 4 

[ 

2 mg. 

Mn, 

1 

100 micrograms j 


Units of bone phosphatase per 
gm. green bone 

Per cent activa- 
tion or inhibi- 
tion 

Before 

After 

6.9 

7.0 

1.5 

6.9 

7.3 

5.8 

5.9 

8.1 

20.4 

9.2 

12.7 

38.1 

6.4 

21.9 

242.0 

6.1 

9.6 

57.0 

12.5 

12.5 


12.5 

10.8 

-13.6 

12.5 

13.7 

9.6 

12.5 

12.6 


9.2 

8.3 

-9.8 

20.8 

11.3 

-46.6 

9.2 

9.3 

1.1 

14.6 

9.7 

-33.3 
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definitely by the manganese ion, and to a lesser extent by the 
magnesium ion. Erdtmann (17) has also found activation of the 
enzyme by magnesium. Inhibition has been observed with the 
calcium ion and to a more marked degree with the phosphate ion. 
This is in accordance with the work of Bauer (18) who found in- 
hibition with the calcium ion, and that of Jacobsen (19) who 
observed inhibition with the phosphate ion. The addition of man- 
ganese overcomes the inhibiting effect of the calcium and phos- 
phate ions. Inhibition has also been found with zinc ions. 

The addition of manganese to a bone phosphatase preparation 
from birds with perosis failed to activate the enzyme to the level 
of birds without this disorder, and is shown in Table IV. Horii 
ei aL (20) have found that manganese salts promote the hydrolysis 
of certain phosphoric esters by kidney phosphatase. 


Table IV 

Comparison of Additions of Manganese (1 Mg.) to Phosphatase Preparations 


Peroeis 

Units of bone phoaphataBo per gm. green bone 

Before 1 

After 

Yes 

2.1 

8.1 

No 

10.6 

35.6 


DISCUSSION 

We have found the blood plasma and bone phosphatase activity 
lowered in perosis. In chicks fed a diet high in inorganic phos- 
phate (calcium phosphate) and having a high percentage of slipped 
tendon, there is some metabolic disturbance of the bone. Since 
the lowering of the phosphatase activity precedes markedly the 
appearance of perosis, this seems to be a contributing cause in 
this condition. Chicks fed the same ration but with a supple- 
ment of 50 parts per million of manganese had an approximately 
normal phosphatase activity as compared to the phosphatase 
activity of chicks fed a normal grain ration. When a diet high 
in calcium salts other than the phosphate is fed, there is also a 
lowering of the phosphatase activity and a high incidence of 
perosis. The lowering observed is not as great as when high 
amounts of inorganic phosphate are fed. Here again manganese 
raises the activity to an apparently normal level. Thus the effect 
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of the added manganese seems to counteract the effect of the large 
amount of added phosphate or calcium in the ration. The higher 
the level of phosphate fed the higher is the amount of manganese 
required to prevent perosis. 

These results agree well with those foimd in studies in vitro. 
The addition of the phosphate ion to the enzyme markedly de- 
creases its activity. Adding manganese restores the activity, 
but this activation depends on the amount of manganese ion 
added as the activator and the amount of phosphate ion added as 
the inhibitor. This is shown in Table III, and similar results are 
observed with the calcium ion. 

These experiments indicate that the main effect of calcium and 
phosphate ions is to depress phosphatase activity, while that of 
manganese ion is to activate the enzyme. However, it was 
found that when the manganese ion was added to an enzyme 
preparation obtained from a chick with perosis, the activity did 
not reach that of an enzyme preparation obtained from a bird 
without perosis (Table IV). This seems to indicate that the 
amount of enzyme present is less and consequently the manganese 
added does not bring the activity of an enzyme preparation from 
a bird with perosis up to that of a non-perotic bird. This 
would tend to show that the excess calcium and phosphate fed 
depress the formation of the enzyme phosphatase, and that man- 
ganese counteracts this depressing effect. 

It is well known that magnesium activates the enzyme phos- 
phatase. We have also observed this (Table III) and it was 
thought that this element might exert a curative effect on this 
disorder. The chicks were given the basal ration No. 604 and 3 
mg. of magnesium per week by injection. This did not prevent 
perosis (Table I). A possible explanation is that the magnesimn 
does not activate the enzyme phosphatase nearly as effectively 
as the manganese ion or counteract the depressing effect of the 
calcium and phosphate ions. 

SUMMARY 

1. A revised method for the determination of blood and bone 
phosphatase activity with disodium phenylphosphate as the sub- 
strate and applicable for use with the Evelyn photoelectric colorim- 
eter has been presented. 
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2. The blood and bone phosphatase activity of chicks with 
perosis is lower than that of non-perotic birds. 

3. From in vitro experiments manganese has been found to 
have an activating influence on the enzyme, while calcium and 
phosphate ions depress the activity. 
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PROPERTIES OF THE LACTIC ACID-RACEMIZING 
ENZYME OF CLOSTRIDIUM BUTYLICUM* 

By W. BLAKE CHRISTENSEN, MARVIN J. JOHNSON, and 
W. H. PETERSON 

{From the Departments of Biochemistry and Agricultural Bacteriology , 
University of Wisconsin, Madison) 

(Received for publication, August 5, 1938) 

In previous publications (1-3) it was shown that the acetone- 
butyl alcohol organisms Clostridium acetobutylicum and Clos- 
tridium butylicum have the curious property of converting d- or 
Z-lactic acid into the inactive dl form. KAtagiri and Kitahara 
(4, 5) found that many lactic acid bacteria and Staphylococcus 
urcx also possess this racemizing ability, but that other bacteria 
and many yeasts and molds do not have it. 

In a preceding paper (3) racemization was attributed to an 
enzyme which was thought to consist of two components: one 
found in the cells and heat-stable; the other liberated into the 
medium and heat-labile. Neither cells nor medium functioned 
separately, and hence it was assumed that the racemizing system 
consisted of an enzyme-coenzyme complex. More extended 
study of the problem has shown that it is not necessary to assume 
the existence of an extracellular component and an intracellular 
component. The earlier results may be explained by the dis- 
tribution of enzyme between cells and medium and by the pH 
requirements of the enzyme. 

The present paper deals with these and other factors influencing 
the activities of the enzyme. Such a study, it was hoped, would 
lay the groundwork for elucidation of the function of the enzyme. 

• This work has been aided by a grant from the Wisconsin Alumni Re- 
search Foundation. 

Published with the approval of the Director of the Wisconsin Agricul- 
tural Experiment Station. 
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EXPERIMENTAL 

Culture and Medium — The organism used in this investigation 
was Clostridium butylicumj No. 21. It was always grown in a 
0.5 per cent glucose-0.5 per cent tryptone medium. This is the 
same organism and the same medium used in the studies reported 
by Tatum et al, (3). 

Preparation of Calcium Lactate — Dextrorotatory lactic acid in 
the form of its calcium salt was used. It was prepared in large 
quantities by fermenting glucose with a strain of Lactobacillus 
delbrUckiiy according to the method of Tatum and Peterson (6). 
Calcium lactate obtained from different fermentations, after 
several recrystallizations from water, always showed a specific 
rotation of —6.1® to —6.3® in a 4 per cent solution. Calcium 
determinations gave practically theoretical results for calcium 
lactate. 


Methods 

All of the work so far reported on racemization of active lactic 
acid has been based on water of crystallization of the zinc lactate 
as a measure of the change. This method, however, requires 
much time and is too inaccurate for a quantitative study of the 
enzyme activity. For this reason a shorter and more accurate 
method was needed. Such a method, based on the optical rota- 
tion of calcium d-lactate, was developed. 

Rotation of Calcium d-Lactate — Preliminary experiments on the 
optical properties of calcium d-lactate showed that the specific 
rotation decreases with increasing concentration. However, 
during racemization experiments the total concentration of cal- 
cium lactate remains the same, although the concentration of the 
d-lactate decreases. It was thought that under such conditions 
the rotation might be closely proportional to the concentration 
of the dextro acid and hence permit calculation of the dl acid 
present. Mixtures of calcium d- and di-lactate in various propor- 
tions, but always totaling 4 per cent, were made up and read in a 
4 dm. tube in the saccharimeter. From the observed readings 
the composition of the mixtures was determined and compared 
with the calculated values. The data are given in Table I and 
show good agreement between observed and calculated values. 

It was thus evident that if the method could be applied to cell 
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suspensions and cultures the tedious process of extracting the acid, 
preparing the zinc salts, and determining the water of crystalliza- 
tion could be eliminated. 

Treatment of Cultures — ^The method employed for preparing the 
cultures for analysis was as follows: Calcium d-lactate was added 
in solution to the culture or fraction to be tested. The amount 
was usually 2 gm. of the anhydrous salt in 50 cc. of solution. The 
volume was adjusted as desired, toluene was added, and the flask 
was tightly stoppered, shaken, and incubated at 37®. After in- 
cubation the solution was boiled to remove the toluene, and the 
pH was adjusted to about 7. After addition of norit to decolorize 
the solution and remove the cells, and of diatomaceous earth to 


Table I 


Rotation of Calcium Lactate Solutions 


Compoaition of solution 

(«Id 

Haoemiiation 

Ca d-lftctate 

Ca (ff-lactate 

Calculated 

Obeerved 

par ctnt 

par canf 

degrut 

perosnt 

par cent 

4.00 

0.00 

-6.13 

0.0 

0.0 

3.52 

0.48 

-5.30 

12.0 

13.5 

3.00 

1.00 

-4.44 

25.0 

27.6 

2.00 

2.00 

-3.03 

50.0 

50.5 

1.08 

2.92 

-1.73 

73.0 

71.8 

0.48 

3.52 

-0.54 

88.0 

91.2 

0.00 

4.00 

0.00 

100.0 

100.0 


aid filtration, the solution was filtered on a small Buchner funnel, 
and the residue well washed. The filtrate and washings were 
boiled down and made up to a volume such that the resulting con- 
centration of calcium lactate was 4 per cent. The readings on a 
4 dm. tube were taken in a saccharimeter. 

With cell suspensions the above treatment always yielded water- 
clear solutions. Many control experiments in which the enzymes 
were inactivated before incubation gave complete recovery of the 
the active calcium lactate. Similar treatnients of solutions of 
active calcium lactate alone gave the same results. Therefore, 
the procedure does not racemize active lactate nor does it remove 
lactate from solution. 

With the cultures or with the cell-free medium certain difficulties 
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were encountered. Following the above treatment duplicate 
solutions often showed differences in rotation as high as 10 per 
cent. Control experiments showed the same discrepancies. 
The differences were finally attributed to optically active sub- 
stances which were removed from the medium in imequal amounts 
by the above treatment. For the quantitative study of the en- 
zyme system, however, it was possible to disp)ense with the medium 
as a source of the enzyme, since as will be shown later, the cells 
under prescribed conditions are active alone. 



Fig. 1. Distribution of enzyme between cells and medium. The ordi- 
nates represent the per cent racemization of 2 gm. of Ca lactate (in 150 cc. 
of solution) accomplished in 40 hours at 37° and pH 5 by cells or medium 
from 90 cc. of culture. 

Distribution of Enzyme between Medium and Cells 

10 liters of culture were sampled at intervals, and the racemizing 
activity at pH 5 of the cells and of the cell-free medium was de- 
termined. The per cent racemization produced by the cells was 
determined in the usual manner. The medium, however, after 
incubation with calcium lactate, was acidified and the lactic acid 
was extracted with ether. The calcium salt of the extracted acid 
was then made, and its specific rotation determined. The results 
are shown in Fig. 1. It is seen that the enzyme content of the 
cells increased up to 20 hours and then decreased as the culture 
aged. That the initial increase in activity does not parallel in- 
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crease in cell weight is illustrated by the fact that in from 9 hours 
to 20 hours the enzyme content increased more than 5-fold, while 
the cell weight only doubled. The enzyme content of the medium 
rose rapidly as the culture aged, the enzyme very obviously being 
liberated into the medium from old cells. 

Racernization Studies with Cell Suspensions 

In order to study some of the properties of the racemizing en- 
zyme a large quantity of cells was grown. The cells were centri- 
fuged from four different cultures of 14 liters each. The wet 
cells obtained, about 100 gm., were kept in a frozen condition 
until used. These cells have been kept over a period of 8 months, 
during which time they have been repeatedly thawed, and the 
activity has remained quite constant. 

Effect of pH — In preliminary experiments on effect of pH, the 
solutions were adjusted with hydrochloric acid and calcium hy- 
droxide. It was found, however, that upon readjusting the solu- 
tions to pH 7 the rotations of control solutions containing inac- 
tivated cells were considerably decreased. However, the use of 
sulfuric acid and calcium hydroxide for pH adjustments gave 
theoretical recovery of the rotations of control solutions upon 
readjustment to pH 7 with the same reagents. In this case the 
excess calcium and sulfate ions were precipitated upon adjusting 
and readjusting the solutions, while in the other the presence of 
excess calcium or chloride ions brought about the decrease in 
rotations. In all experiments, therefore, sulfuric acid and cal- 
cium hydroxide were used as needed for pH control. 

Because of the danger of influencing the rotations, as above, no 
buffers were used. It was found that at pH 5 and below, the 
lactate had sufficient buffer capacity to hold the pH at the de- 
sired value. Above pH 6, where the solutions had very little 
buffer capacity, the greatest fluctuation was about 1 pH imit. 
The pH of each solution was determined before and after incu- 
bation. 

Fig. 2 shows that there is a sharp rise in activity from pH 3 to 
pH 6 followed by a more gradual decrease in activity as the pH 
increases. The optimum is clearly at about pH 5. In view of 
this pronounced effect of pH on the velocity of the racemieation 
reaction, it is possible that the negative results obtained by Kata- 



426 


Enzyme of Clostridium huiylicum 


giri and Kitahara (6) with many microorganisms may have been 
due to unfavorable pH. 

From the pH curve it appears that the substrate for the racemiz* 
ing enzyme may be the lactate ion rather than the undissociated 
lactic acid. There is appreciable racemization at the higher pH 
values, where the substrate is present entirely as lactate ion. At 
the lower pH values, much of the substrate is present as free lactic 
acid, and consequently the concentration of available substrate 
is lower. In the acid range, therefore, the pH activity curve 
represents the effect of pH on the available substrate concentra- 
tion as well as on the racemization reaction itself. 



Fig. 2. Effect of pH on enzyme activity. 76 cc. of reaction mixture, 
containing 2 gm. of calcium lactate and 0.25 gm. of wet cells, were incubated 
40 hours at 37®. 

Effect of Enzyme Concentration — In Fig. 3 the effect of enzyme 
concentration on racemization is shown. The solid curve is a 
theoretical curve for a first order reaction and the experimental 
points fall upon or close to it. 

It may be shown on the following theoretical basis that such a 
first order reaction curve is to be expected with the racemizing 
enzyme. Since the product of the reaction is dWactic acid, the 
affinity of the enzyme for the d and I acids must necessarily be 
identical. Therefore, since the total lactate concentration re- 
mains constant, the fraction of the total enzyme present as 
enzyme-substrate complex remains the same. Of this combined 
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^zyme, the percentage combined with the d acid is always equal 
to the percentage of d acid in the mixture. Thus it follows that a 
first order reaction is to be expected regardless of the substrate 
concentration. 

Effect of Substrate Concentration — ^In Fig. 3, the racemization 
given by a cell suspension is plotted against molar concentration 
of lactate. It will be noted that the enzyme did not approach 
maximal activity until a very high substrate concentration was 
reached (0.5 m). While the data of the figure do not allow an 



Fig. 3. Effect of variation of enzyme and substrate concentrations on 
racemization. When the enzyme concentration was varied, the calcium 
lactate concentration was 2 gm. per 76 cc., and the incubation time was 
40 hours. When the substrate concentration was varied, 0.26 gm. of wet 
cells was present in 76 cc., and the incubation time was 20 hours. In all 
cases the pH was 6 and the incubation temperature 37®. 

exact determination of the Michaelis constant, its value appar- 
ently lies in the neighborhood of 0.14, a value much higher than 
that for most respiratory enzymes. 

Effect of Cyanide — As shown in Table II, 0.05 m cyanide com- 
pletely inhibits racemization. Iron- or copper-containing enzymes 
are known to be cyanide-sensitive, while most dehydrogenases are 
not. 

Effect of IncubcUion Temperature — Because of the long incuba- 
tion periods necessary, thermal inactivation of the enzyme limited 
measurement of the racemization velocity at high temperatures. 


428 Enzyme of Clostridium hviylicum 

The data of Table III show appreciable inactivation at 46®, and 
probably some inactivation at 40®. However, the apparent en- 
ergy of activation of the racemization process is less than that of 


Table II 

Effect of Cyanide on Racemization 


100 cc. of reaction mixture, at pH 5, containing 2 gm. of calcium laetate 
and 0.25 gm. of wet cells, were incubated 46 hours at 87°. 


HCN 

Racemisation 

Inhibition 

M 

per cent 

per cent 

0.0 

36.4 


0.0 

34.6 


0.05 

0.0 

100 

0.05 

0.0 

100 

0.005 

17.0 

53 

0.005 

15.2 

57 


Table III 

Temperature Variation of Racemiiaiion Velocity 
76 cc. of reaction mixture, at pH 5, contained 2 gm. of calcium lactate 
and 0.26 gm. of wet cells. The incubation was carried out for 48 hours at 
the indicated temperatures. 


Incubation 

temperature 

(“Id 

Velocity con- 
stant k* 

0„t 

•c. 

degrees 



20 

-3.81 

0.207 

00 

30 

-3.03 

0.306 

40 i 

-2.38 i 

0.411 

45 

-2.82 

0.338 


60 

-5.20 

0.025 





ealariei 

6900 

5600 


to.< 


, [alo of (f-lactate 

* Jog , 

[ajo after incubation 

= ratio of velocity constants. 
4.58 log (kt/ki) T,T 2 
Ti-T, 


most enzymatic reactions, which usually ranges from 10,000 to 
20,000 calories. 

Clostridium butylicum Dehydrogenases — While the racemizing 
activity of washed cells is extremely stable, preliminary experi- 
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ments showed the cell dehydrogenases to be extremely imstable. 
The very considerable activity possessed by freshly harvested 
cells disappeared within a few hours. Table IV gives representa- 
tive data. It will be noted that even the fresh cells had very 
little lactic acid dehydrogenase activity, although growing cultures 
of the organism are able to metabolize lactic acid (3). 

Tablb IV 

Dehydrogenase Activity of Washed Cells 


4 cc. of reaction mixture contained cells from 5 cc. of a 22 hour culture, 
1 cc. of 0.02 per cent methylene blue, and 1 cc. ©f pH 6.4 phosphate buffer. 
The incubation was carried out at 40® in evacuated Thunberg tubes. 


Substrate 

Concentration of 
substrate 

Decolorisation time 

Fresh cells 

Cells after 3 brs. 
at 26* 


M 

mtn. 

min. 

None 


>215 


Glucose 

0.026 

7 

18 

Isopropyl alcohol 

0.05 

26 

69 

Pyruvate 

0.025 

22 


Lactate 

0.075 

156 

>220 


DISCUSSION 

It seems probable that the racemizing enzyme has, in the living 
cell, a function other than that of racemization. 

Any enzyme capable of combination with lactic acid could, 
under the proper conditions, act as a racemase, provided that the 
enzyme possessed an equal affinity for the two optical forms of 
lactic acid and that the enzyme-substrate reaction destroyed the 
asymmetric structure of the a-carbon atom. This might take 
place by momentary, reversible conversion of the lactic acid 
molecule into acrylic acid, pyruvic acid, or methylglyoxal. The 
extreme instability of the cell dehydrogenases, as well as the cyan- 
ide sensitivity of the racemizing enzyme, seems to indicate that 
the latter is not a lactic acid dehydrogenase. Moreover, bac- 
terial dehydrogenases are usually strongly cell-bound, while the 
racemizing enzyme is readily secreted into the medium. The 
substrate affinity of the racemizing enzyme is also much lower 
than that of a dehydrogenase. 
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Enzyme of Clostridium buiylicum 


Since growing cultures of Clostridium buiylicum are able to 
ferment added lactic acid (3), and will actually produce lactic 
acid from glucose when grown at high pH values (7), it seems 
probable that the racemization studied in the present paper is 
due to an enzyme concerned in the normal lactic acid metabolism 
of the organism. 


SUMMARY 

Additional data on the pH requirements and distribution of the 
racemizing enzyme of Clostridium buiylicum show that the en- 
zyme does not necessarily consist of two components as was pre- 
viously concluded. 

The enzyme acts most rapidly at pH 5 and at a lactate con- 
centration of 0.5 M. It is completely inhibited by 0.05 m cyanide. 

While cells from young cultures are high in enzyme, in old cul- 
tures most of the activity is found in the culture medium. 
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StUDIES ON THE PRODUCTION OF TAUROCHOLIC 
ACID IN THE DOG 


III. CYSTINE DISULFOXIDE, CYSTEINE SULFINIC ACID, AND 
CYSTEIC ACID 

By ROBERT W. VIRTUE and MILDRED E. DOSTER-VIRTUE 
(From the Department of Chemietry^ Univenity of Denver ^ Denver) 

(Received for publication, October 24, 1938) 

In determining the fate of various sulfur-containing com- 
pounds in the human organism, Medes (1) fed cystine disulfoxide 
(R — S-S“R), cysteine sulfinic acid (R — SO 2 H), and cysteic acid 
00 

(R — SO 3 H). She found that the compound in which the sulfur 
was most highly oxidized, i.e, cysteic acid, was least readily oxidized 
in the organism as far as could be determined by the recoveries of 
organic and sulfate sulfur in the urine. The compound whose 
sulfur was in the lowest state of oxidation, i.e, cystine disulfoxide, 
was oxidized to the greatest extent by the body, judging again by 
recovery of urinary sulfate. Cysteine sulfinic acid gave inter- 
mediate values for oxidized urinary sulfur. Since the series cys- 
tine disulfoxide > cysteine sulfinic acid > cysteic acid represented 
the relative degree of recovery of oxidized sulfur in the urine, Medes 
believes that this series of compounds does not represent the path 
of oxidation of cystine to sulfate. She suggests ‘‘that the sulphur 
of the more highly oxidized members of this series may be readily 
available for some other physiological function, such as taurine 
formation.^' To obtain more information concerning these sug- 
gestions we have measured the taurocholic acid output of bile 
fistula dogs after administration of the sulfur-containing com- 
pounds. 


EXPERIMENTAL 

The dog normally forms enough taurine for conjugation with all 
the cholic acid which is available. Fasting depletes the body of 
its supply of taurine. Repeated feedings of cholic acid will also 
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Production of Taurocholic Acid. Ill 


reduce the supply of taurine by increasing its excretion in the bile 
as taurocholic acid. The two procedures for depletion of the tau- 
rine supply were used together in these experiments, as follows: 
In order to measure the effect of the sulfur-containing substances 
on the output of taurine, bile fistula dogs were fasted but fed 6.7 
milliequivalents of cholic acid daily. When the taurocholic acid 
production had dropped, a sulfur-containing compound^ was ad- 
ministered with the cholic acid, and the taurocholic acid content 
of the bile was determined. The analytical methods used have 
been described earlier (2). Dog 29 (Table III) was treated some- 
what differently than were the other animals, in that it was given 
25 gm. of sucrose per day. This was given as a protein sparer 
because of the relatively long fast to which the dog was sub- 
jected. 


Results 

The data obtained on administration of cystine disulfoxide are 
presented in Table I. Four attempts were made to feed this sub- 
stance, but vomiting occurred after three of the four attempts. 
Results from the successful feeding are those reported for Dog 36. 
Three subcutaneous injections of the disulfoxide dissolved in a 
minimum of ammonium hydroxide were made. A necrosis ap- 
peared at the site of injection in two cases. Data for those two 
experiments have been discarded. The data from the one suc- 
cessful subcutaneous injection make up the first experiment on 
Dog 39. Two further administrations of the disulfoxide were 
made intravenously. The data for the second experiment with 
Dog 39 and the experiment with Dog 45 present these results. In 
all four successful experiments an increased excretion of taurocholic 
acid followed the administration of cystine disulfoxide. The in- 
creases were not so large as those found after administering cystine 
(2) or its more highly oxidized derivatives (cysteine sulfinic acid 
and cysteic acid; see below). These results may be complicated 
by the apparent toxicity of the disulfoxide, although no consistent 
rise in the nitrogen excretion was observed when the disulfoxide 

^We wish to acknowledge the suggestion by Dr. Grace Medes that 
these studies be carried out with cystine disulfoxide and cysteine sulfinic 
acid, and the kindness of Dr. Medes and others of the Lankenau Hospital 
Research Institute in Philadelphia in furnishing these two compounds for 
the experiments herein reported. 
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wamgiven. The increase of taurocholic acid excretion in the sec- 
ond experiment with Dog 39 is small, but it should be noted that 
the amount of disulfoxide injected (3.36 milliequivalents) was 
only half the amount used in other experiments. This smaller 
injection was given because of the toxicity of cystine disulfoxide. 


Table I 

Urinary Sulfur Partitions and Taurocholic Acid Production Following 
Administration of Cystine Disulfoxide to Fasting Bile Fistula Dogs 


Each animal was fed 2.8 gm. » 6.7 milliequivalents of cholic acid daily. 


Dog 

No. 

Day 

Weight 

Total 1 
N 

Total 

8 

Sulfate 

S 

' Organic 

s 

-8S— 

S 

Tauro- 
oholio acid 



kg. 

gm. 

mg. 

m(r. 

mg. 

mg. 

mg. 

36 

1 

9.9 

3.40 

185 

153 

32 

Not run 

2363 


2 


3.31 

158 

123 

35 


2021 


3 


3.82 

318 

282 

36 


2726* 


4 

8.5 

i 3.21 

128 

95 

33 


2467 

39 

1 

10.4 

4.66 

260 

123 

137 

10 

1524 


2 


2.72 

186 

93 

93 

6 

712 


3 


3.19 

290 

200 

90 

3 

1251t 


4 

9.1 

2.94 

196 

107 

89 

2 

484 

39 

1 

11.1 

6.04 

420 

283 

137 

2 

4287 


2 


4.67 

284 

167 

117 

0 

1709 


3 


4.01 

326 

213 

113 

2 

1831 1 


4 

10.0 

3.42 

219 1 

111 

108 

2 

1190 

45 

1 

21.6 

6.20 

309 

94 

215 

3 

901 


2 


6.31 

340 

108 

232 

0 1 

882 


3 


4.87 

481 I 

229 i 

252 

0 

10185 


4 

20.2 

4.72 

289 : 

86 

203 

0 

667 


* 6.7 milliequivalents of cystine disulfoxide (907 mg.) were given orally. 

t 6.7 milliequivalents of cystine disulfoxide (907 mg.) were injected (in 
ammonia) subcutaneously. 

t 3.36 milliequivalents of cystine disulfoxide (454 mg.) were injected 
(in ammonia) intravenously. 

{ 6.7 milliequivalents of cystine disulfoxide (907 mg.) were injected (in 
ammonia) intravenously. 


The taurocholic acid figures, exclusive of the experimental day, 
show a definite downward trend, so that any rise on the experi- 
mental day should probably be considered significant. 

With the exception of Dog 45, all the extra sulfur which was 
excreted' in the urine after the animals were given cystine disulf- 
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oxide had been oxidized to sulfate, and most of the extra sidfur 
from Dog 45 was in the form of sulfate. Dog 46 showed an un- 
usual sulfur distribution throughout the experiment, for it ex- 
creted only about a third of the urinary sulfur in the oxidized 
fraction. No excretion of extra disulfide sulfur was observed with 
any of the dogs. 

Table II gives the data from five subcutaneous injections of 
cysteine sulfinic acid. Necrosis was not observed after these 

Tablb II 

Urinary Sulfur Partitions and Taurocholic Acid Production Following 
Administration of Cysteine Sulfinic Acid to Fasting Bile Fistula Dogs 


Each animal was fed 2.8 gm. * 6.7 milliequivalents of cholic acid daily. 


Dog 

No. 

Day 

Weight 

Total 

N 

Total i 
S 

Sulfate 

8 

Organic 

S 

-88- 

S 

Tauro- 
oholio acid 



kg. 

gm. 

mg. 

mg. 

mg. 

mg. 

mg. 

33 j 

1 

8.7 

4.86 

239 

207 

32 

6 

1541 


2 


3.86 

212 ' 

183 

29 

4 

951 


3 


5.22 

321 

279 

42 

6 

1967* 


4 


4.61 

230 

197 i 

33 

3 i 

588 


6 

7.3 

4.85 

348 

312 

36 

2 

1285* 

37 

1 

8.8 

4.22 

181 

147 

34 

7 1 

1083 


2 


3.61 

163 

123 

40 

7 

841 


3 


4.59 

322 

270 

52 

8 

1829* 


4 


4.17 

200 

162 

38 

5 

878 


5 

7.3 

3.97 

292 

228 

64 

4 

1217* 

43 

1 

16.4 

8.90 

379 

242 

137 

2 

4537 


2 


4.96 

291 

194 

97 

3 

1982 


3 


4.93 

379 

275 

104 

6 

2139* 


4 

14.1 

4.76 

326 

206 

120 

10 

1540 


* 6.7 milliequivalents of cysteine sulfinic acid (1.02 gm.) were injected 
(in water) subcutaneously. 


injections. In each case the taurocholic acid output was increased 
on the day of the injection, indicating that the sulfinic acid may 
have been converted to taurine. Most of the extra urinary sulfur 
from the cysteine sulfinic acid appeared in the sulfate fraction. 
With this compound, however, small but definite amounts of ex- 
tra organic sulfur were excreted after each injection. 

Table III presents the values obtained for taurocholic acid ex- 
cretion and urinary sulfur distribution after three feedings of 
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cjrstdc acid.* Striking increases were found for the taurocholic 
acid values. In fact, nearly all the sulfur recovered after feeding 
cysteic acid to Dog 29 was that found in the extra taurocholic 
acid. The extra taurocholic acid value for this experimental day 


Tablb 111 

Urinary Sulfur Partitions and Taurocholic Acid Production Following 
Administration of Cyateic Acid to Fasting Bile Fistula Dogs 
Each animal was fed 2,8 gm. «* 6,7 milliequivalents of cholic acid daily. 


Dog 

No. 

Day 

Weight 

ToUl 

N 

Total 

s 

Sulfate 

S 

Organic 

8 

-ss- 

s 

Tauro- 
ohoUo acid 



kg. 

gm. 

mg. 

mg. 

mg. 

mg. 

mg. 

29* 

1 

10.6 

Urine lost 



Not run 

1282 


2 


4.12 

192 

149 

43 


625 


3 


4.22 

210 

172 

38 


580 


4 


3.38 

146 

115 

31 


206 


6 

1 

1 

3.76 

279 

243 

36 


1176t 


6 


4.17 

214 

180 

34 


1290 


7 i 


3.99 

190 

158 

32 


819 


8 

] 

4.02 

192 

149 

43 


27I4t 


9 


3.01 

165 

132 

33 


1566 


10 

9.0 i 

3.28 

178 

143 

36 


1390 

31 

1 

13.4 

6.64 

468 

409 

49 

3 

2130 


2 


4.69 

323 

269 

64 

4 

1693 


3 


6.34 

417 

333 

84 

10 

1494} 


4 


4.11 

267 

216 

41 

2 

1493 


5 


6.72 

378 

282 

96 

2 

2697t 


6 

9.0 

6.75 

326 

280 

46 

6 

2079 

33 

1 ' 

00 

bo 

3,91 

163 

126 

37 

Not run 

1058 


2 


3.36 

170 

136 

36 


817 


3 ! 


2.64 

222 

136 

86 


1754t 


4 

7.7 

Urine lost 




893 


* 26 gm. of sucrose were fed daily to Dog 29. 
t 6.7 milliequivalents of cystine (0.8 gm.) were given orally. 
t 6.7 milliequivalents of cysteic acid (1.13 gm.) were given orally. 

} 6.7 milliequivalents of cystamine dihydrochloride (0.76 gm.) were 
given orally. 


indicates a conversion of more than half the cysteic acid to taurine. 
With regard to the urinary sulfur values the dogs differed some- 
what. In contrast to the findings with cystine disulfoxide and 


* The cystamine values are taken from work previously reported (3). 
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cysteine sulfinic acid, the extra sulfur from cysteic acid was found 
chiefly in the organic, rather than in the oxidized fraction of the 
urinary sulfur. The highest proportion of oxidized extra sulfur 
was excreted by Dog 31, which showed 65 mg. of organic sulfur 
and 66 mg. of sulfate sulfur. Dog 33 excreted 51 mg. of extra 
organic sulfur and no sulfate sulfur, while Dog 29 excreted no 
extra urinary sulfur at all after the ingestion of cysteic acid. 
Administration of cystine to Dog 29 was followed by results such 
as have been reported before (2) ; namely, increased taurocholic 
acid and sulfate sulfur excretion. 

DISCUSSION 

Several workers (4) have observed that cysteic acid is not oxi- 
dized by the animal body. White, Lewis, and White (5) adminis- 
tered this compound to rabbits orally and subcutaneously and 
found that the relatively small amount of sulfur of cysteic acid 
which had been oxidized was presumably a result of activity of 
intestinal microflora. Such intestinal action may have been re- 
sponsible for the urinary sulfate obtained from our dogs. 

Medes (1) observed that the following series holds true both 
for rate of oxidation to inorganic sulfate and for urinary excretion 
of total sulfur: cystine disulfoxide > cysteine sulfinic acid > 
cysteic acid. She suggested that the sulfur which was not re- 
covered in the urine might have been used for formation of tau- 
rine. The results we have obtained indicate that such utilization 
of these sulfur-containing substances is possible, although the 
total recovery of sulfur in urine and bile accounts for only 
two-thirds to three-fourths of that administered. A greater pro- 
portion of sulfur was recovered in our earlier experiments with 
cystine (2), reported in the first paper of this series. Since admin- 
istration of cysteine sulfinic acid was followed by less conversion 
to sulfate than was administration of cystine disulfoxide, and 
since cysteic acid produced less sulfate than did the sulfinic acid, 
we cannot conclude that these substances represent the normal 
path of oxidation of cystine to sulfate. 

Cystine disulfoxide, cysteine sulfinic acid, and cysteic acid all 
promoted the excretion of extra taurocholic acid. It is conceivable 
that this series of substances could be intermediates in the for- 
mation of taurine from cystine by the dog, since the substances 
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originally more highly oxidized appeared to give rise to more 
taurocholic acid. However, no claims to that effect can be made 
before such compounds are found to exist in the body. 

It is of interest to note that under our conditions cysteic acid 
gave rise to taurine quite readily, while under the same circum- 
stances cystamine (3) did not. Does this mean that decarboxyla- 
tion of cystine occurs more easily in vivo than oxidation of its 
sulfur? The reverse relation seems to hold true in vitroy for 
taurine is easily produced from cystamine (6), while its prepara- 
tion from cysteic acid is difficult (7). 

SUMMARY 

1. Cholic acid was fed to fasting bile fistula dogs for several 
days to deplete their livers of taurine by increasing their output 
of taurocholic acid. Cystine disulfoxide given orally or parenter- 
ally, cysteine sulfinic acid injected subcutaneously, or cysteic 
acid given by mouth with the cholic acid, usually on the 3rd day 
of the fast, increased the excretion of taurocholic acid. Cysteic 
acid was especially effective in this respect. It therefore appears 
that each of these three substances may be changed to taurine by 
the dog. 

2. Nearly all the extra urinary sulfur from orally or parenter- 
ally administered cystine disulfoxide was found in the sulfate 
fraction of the urine. The greater part of the extra sulfur from 
subcutaneously injected cysteine sulfinic acid appeared as urinary 
sulfate. Very little of the sulfur of orally administered cysteic 
acid, however, was oxidized to sulfate. 

The authors wish to acknowledge their indebtedness to Dr. R. 
W. Whitehead of the University of Colorado School of Medicine 
for his cooperation in making available facilities for carrying out 
these experiments. 
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CATALASE. U 

By JAMES B. SUMNER and ALEXANDER L. BOUNCE 

{From the Department of Physiology and Biochemistry ^ Cornell University ^ 
Ithaca, New York) 

(Received for publication, December 8, 1938) 

In our paper (1) announcing the crystallization of beef liver 
catalase we stated that in addition to hematin this enzyme con- 
tained a second side chain. The existence of this was evident 
through the production of a strong blue color upon addition of 
hydrochloric acid to catalase solutions. In the present paper we 
include new observations concerning the preparation and proper- 
ties of catalase. Most of our attention, however, is directed to an 
investigation of the blue substance and to the partition of iron 
between the hematin and the blue substance. 

Crystallization of Catalase — We have observed that if the cata- 
lase crystals from the first crystallization are very fine, as often is 
the case, they will not pack well in the centrifuge tubes, and hence 
will contain considerable ammonium sulfate which was not re- 
moved from the mother liquor. The ammonium sulfate renders 
the crystals difficult to dissolve by the addition of alkaline phos- 
phate buffer of pH 7.4. This difficulty can be overcome by stir- 
ring the crystals with a minimal amount of distilled water to- 
gether with 5 cc. of 9.6 per cent alkaline phosphate buffer of pH 
7.4 for every 5 pounds of liver used, and then dialyzing against 
distilled water until the crystals have gone completely into solu- 
tion and nothing but denatured protein remains. The bulk of 
this denatured protein may be rather large if the tubes become too 
warm during the centrifuging. The dialysis described above has 
never been found necessary for catalase after the first crystalliza- 
tion. 

Another point of interest is that crystalline catalase may be 
prepared in the following manner without the use of ammonium 
sulfate. Extract 300 gm. portions of finely ground beef liver with 
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400 cc. portions of 35 per cent dioxane, and filter overnight in the 
ice chest. Add 20 cc. of dioxane to every 100 cc. of filtrate, let 
stand 12 to 24 hours in the ice chest, and filter again. Next add 
10.2 CC. of dioxane to every 100 cc. of filtrate and allow to stand 
in the ice chest for 24 hours. Filter, allowing to drain completely. 
Now scrape the precipitate from the filter paper and stir with 
water to form a thin cream. Add a few drops of saliva to digest 
the glycogen. Filter, place the filtrate in a collodion sac, and di- 
alyze against distilled water. The catalase precipitates as beauti- 
ful prisms and sometimes partly as plates. Photographs of these 
have been shown in our first paper (1). The catalase crystals 
thus obtained are undoubtedly of high purity, although the yield 
is somewhat diminished. To dissolve the crystals, one adds a 
very small amount of alkaline phosphate buffer of pH 7.4 and 
then solid sodium chloride is cautiously added until solution is 
complete. Since the crystals dissolve slowly, a suflScient time 
must elapse after every addition of the sodium chloride. After 
filtering, the material can be recrystallized by dialyzing and add- 
ing a drop of saturated potassium dihydrogen phosphate from time 
to time if necessary. An alternative procedure is simply to neu- 
tralize the alkaline sodium chloride solution by adding volumes 
of saturated potassium dihydrogen phosphate for every volume of 
alkaline phosphate used, and then chilling the material in the ice 
box. By this means catalase precipitated in the form of plates 
or prisms is always converted to the needle form, described in our 
first paper. The needle form is soluble in alkaline phosphate buf- 
fer of pH 7.4, whereas the prism or plate forms require the addi- 
tion of sodium chloride. In this conversion of prisms or plates 
to needles, the needles will begin to crystallize from the alkaline 
phosphate-sodium chloride solution without neutralizing or change 
of temperature, if too much sodium chloride or alkaline phosphate 
has been used. It is of interest also to note that a very strong 
solution of catalase made by dissolving the needle form in alkaline 
phosphate buffer of pH 7.4 will soon begin to deposit prisms or 
plates or both without change in temperature or neutralization. 

Activity of Catalase — Von Euler and Josephson (2) found a 
Kat. f, of 43,000 for one sample of their purified horse liver catal- 
ase. We reported in our first paper (1) an average value of 26,000 
for beef liver catalase which had been recrystallized several times. 
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Since this time, we have occasionally found values as high as 

36.000. For example, we give as illustration the figures in Table 
I for a sample of catalase crystallized first as prisms according to 
the method outlined above, and then recrystallized three times as 
needles. We believe that variations in the activity reported for 
crystalline beef liver catalase are to be ascribed to some failure to 
control completely the experimental conditions in the determina- 
tions. The results obtained by ultracentrifugation and diffusion 
in Svedberg^s laboratory (3) have shown our enzyme to be essen- 
tially pure. 

Agner (4) obtained a horse liver catalase of Kat. f. 55,000 to 

60.000, but states that the ultracentrifuge showed this to contain 
from 15 to 20 per cent of impurity. Agner claims, furthermore, 
that he demonstrated to one of us (Professor Sumner) that analy- 
ses run on crystalline beef liver catalase by him gave a result 
strictly comparable to our results. He then gives the Kat. /. 
of our product as 28,000. This is an unfortunate statement, 
since the figure obtained by Agner^ for beef liver catalase was ac- 
tually 38,000 instead of 28,000. 

Stem and Wyckoff (5) give as the Kat. f. of their best prepara- 
tion a value of 33,448, Since their enzyme was prepared by 
sedimentation in the ultracentrifuge, it was presumably in reason- 
ably pure condition. These authors, however, make the rather 
surprising statement of having failed in the preparation of crystal- 
line beef liver catalase. Many of our graduate students have 
prepared crystalline catalase without difficulty. There have 
been no failures so far. 

Does Beef Liver Catalase Contain Copper *! — Agner (4) states that 
horse liver catalase contains copper, and that this metal may be 


1 The figures taken down from Agner as he gave them were: 


Time 

KMn04 

Dilution of catalase solution 

Solids in catalase 
solution by dry 
weisht determi* 
nation 

min. 

ee. 


percent 

0 

3.98 

0.02:200 cc. (0.5 cc. of this used 

1.12, 1.14 

3 

3.43 

in analysis) 


5 

3.10 



10 

2.59 
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present as a part of the catalase molecule. Dr. Eusebio Tria, 
working in this laboratory, finds by analysis of the ash from 
thoroughly dialyzed catalase recrystallized three times that the 
percentage of copper is not more than 0.0016, and hence that not 
more than 0.056 atom of copper is present per molecule of catalase. 
The method used for copper anal 3 r 8 is was that of Tompsett (6). 
The dry weight of catalase used was 0.1022 gm. 

Absorption Bands of Catalase — Zeile and Hellstrdm (7) reported 
absorption bands for horse liver catalase at 629, 540, and 600 
mp. Stem (8) reported bands in the visible spectrum at 622, 

Table I 


Determination of Activity of Catalase 


Dilution of 
catalase 


k 

Weifht of 1 oc. 
undiluted cata- 
lase dried at 
100* 

Weight of ash 

Kai.f. 


min. 


gm. 

gm. 


1:10,000 

0 

0.0610 

0.0429 

0.0006 

36,700 


3 

0.0493 





6 

0.0471 





9 

0.0463 




1:20,000 

0 

0.0247 

0.0429 

0.0006 

34,600 


3 

0.0243 





6 

0.0237 





9 

0.0220 





The h values used for the calculation of Kat. f. were obtained by plotting 
the k values for 3, 6, and 9 minutes and extrapolating to the value at zero 
time. The k values at 3 minutes also can be used without much difference 
in the Kat. f. values. 

540, and 505 m^u, for partially purified horse liver catalase. Keilin 
and Hartree (9) reported bands at 629.5, 544, and 506.5 mju for a 
catalase preparation from horse liver. We have already reported 
that crystalline catalase shows bands at 627 and 536 m/u. We 
have found the third band at approximately 502 m/x; this is rather 
broad and difficult to see by illumination from our tungsten fila- 
ment lamp. It is rather plainly visible, however, with the pocket 
spectroscope and direct sunlight as a source of illumination. 

Iron Content — We previously reported the iron content of beef 
catalase as about 0.1 per cent, although some of our values were as 
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low as 0.06 per cent. We now believe that the low results were 
erroneous, owing to failure to dissolve all of the iron in the ash. 
Our improved method shows rather consistent values of from 0.09 
to 0.10 per cent. 

Second Side Chain of CaUdaee — As we have already reported, 
upon addition of hydrochloric acid to crystalline catalase, the 
coagulated protein turns a strong blue color. Glacial acetic acid 
dissolves the protein and yields a blue solution. A small sample 
of lamb liver catalase, obtained with great difficulty, also gave this 
blue color. Addition of excess of acetone causes the blue sub- 
stance as well as the hemin to dissolve from the precipitated 
protein. The blue solution at this point shows absorption bands 
at 643, 543, and 507 m/x, which, of course, are due to the hemin. 
By using methyl alcohol or ethyl alcohol blue solutions also can be 
obtained. Dioxane gives a blue-green solution. 

The hemin can be removed from the blue solution in a quantita- 
tive manner by evap)orating in a vacuum until nearly all of the 
acetone is removed. The crystals of hemin that have formed are 
then centrifuged down and the remaining blue solution is de- 
canted. 

The blue color of the aqueous solution gradually fades upon 
standing. The effect of alkali is to turn it brown; reacidification 
results only in partial regeneration of the blue. In the ice box, a 
precipitate gradually forms; this can be filtered off and dissolved 
in acetone plus a few drops of n hydrochloric acid. The ash from 
this green solution shows a low content of iron, whereas most of 
the iron remains in the filtrate. A part of this iron is in the ionic 
form, but more work will be necessary to determine whether it is 
all ionic. 

Shaking with chloroform removes the blue substance from water, 
giving a green chloroform solution. If the chloroform solution 
is shaken with aqueous alkaU, the substance is removed from the 
chloroform. 

The blue material resembles bilirubin in giving a Qmelin test 
with Hammarsten's reagent.* Here the blue is changed to violet 

* We prefer a more concentrated reagent than the original. We add 
16 cc. of concentrated nitric acid to 50 cc. of concentrated hydrochloric 
acid. When this mixture has become yellow, we add it to 300 cc. of 96 per 
cent ethyl alcohol. 
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and then to red. These substances show absorption bands sim- 
ilar to the bands formed by treating bilirubin with Hammarsten's 
reagent. 

It has been observed previously by Stern (10) that crude cata- 
lase preparations from horse liver 3 deld this blue-colored solution 
containing hemin, upon addition of acetone and hydrochloric acid. 
Stem claimed the substance to be biliverdin, occurring as an im- 
purity. Lemberg (11), on the other hand, mentions that ‘‘green 
hemin” or “verdohemochromogen” accompanies the catalase of 
horse liver extracts. Later Stern and Wyckoff (5) speak of the 
blue substance as verdohemochromogen. 

As we have stated previously, this blue substance from crystal- 
line beef liver catalase is not biliverdin, and we have no convincing 
evidence that it is verdohemochromogen, although it is somewhat 
similar to both substances. It cannot be removed from the cata- 
lase by repeated recrystallizations; indeed, it rather increases with 
the purity of the enzyme. The blue substance is not present as 
such in the catalase molecule, but is produced upon the addition 
of strong acid to the catalase. 

Isolation of the Blue Substance —Catalsise was prepared from 
18 pounds of beef liver and was recrystallized three times, yielding 
about 1.5 gm. This was found to have a Kat. f. of 30,000 after 
standing 1 month in the ice chest. The third recrystallization was 
brought about by dialysis, which gave a product practically free 
from inorganic salts. This material was centrifuged down and 
was suspended in a volume of 25 cc. of redistilled water. 

For isolation of the blue substance, duplicate preparations were 
made; 5 cc. of the well suspended crystals were used in each. The 
^5 cc. of crystalline material were run slowly into 50 cc. of acetone 
plus 10 cc. of N hydrochloric acid, with constant stirring. The 
material was then filtered and the protein residue was washed 
with acetone until free from extractable color. The acetone solu- 
tions were combined and were evaporated at about 30® in a pear- 
shaped Claisen flask in a vacuum from a water pump. When the 
volume of the residue indicated that the amount of acetone used 
had nearly all evaporated and largely water and solids remained, 
the evaporation was discontinued and the crystals of hemin were 
centrifuged down. The blue substance remained in the aqueous 
layer. From spectroscopic examination, and from previous trials 
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of the pyridine hemochromogen test on similar samples, we judge 
the removal of hemin to be quantitative. Solution of the centri- 
fuged hemin in acetone gave a perfectly clear brown solution with 
no visible blue or green color. 

In the second preparation, the evaporation of acetone was car- 
ried a little too far, so that some of the blue material precipitated 
with the hemin. For this reason, it was necessary to dissolve the 
hemin in acetone, add about 3 cc. of water, and evaporate again 
to precipitate the hemin without the blue substance. The hemin 
was again centrifuged down and the blue solution was added to the 
first blue aqueous solution. Apparently a small amount of acetone 
must be present to prevent precipitation of the blue material. 

As shown in Table II, the amount of iron in the hemin is ap- 
proximately equal to the amount in the blue substance. Hence 


Table II 

Partition of Iron in Catalase 


Experi- 

ment 

No. 

Catalase 

Fe in pro- 
tein resi- 
due 

Fe in he- 
min 

Fe in 
blue sub- 
stance 

Hemin 
calculated 
from Fe 

Hemin 
b^ color- 
imetry 

Total Fe 
in catalase 

Total Fe 
by adding 
fractions 


mg. 

mg. 

mg. 

mg. 

per cent 

per c$nt 

per cent 

per cent 

1 

256 

0.027 

0.119 

0.102 

0.54 


0.92 

0.96 

2 

256 

0.025 

0.100 

0.116 

0.46 

0.42 

0.92 

0.94 


it is not possible to calculate the hemin content of catalase from 
the total iron. The per cent of hemin calculated from the hemin 
iron is from 0.46 to 0.54, while a direct determination of the 
isolated hemin dissolved in acetone and compared with a hemin 
standard gave 0.42 per cent.* Hence the beef liver catalase mole- 
cule, with about 0.5 per cent hemin, 0.1 per cent iron, and a molec- 
ular weight of 248,000 (3), contains not 4 but only 2 molecules of 
hematin. Either the claim made by Stem and Wyckoff (5) that 
horse liver catalase contains 4 molecules of hematin is erroneous, 
or else horse liver catalase has twice as much hemin as beef cata- 
lase. 

Attempts to Separate the Side Chains of Catalase Reversibly — We 
have attempted to split the side chains from catalase in a rever- 

* Zeile and Hellstrdm (7) reported a hemin content of 0.6 per cent in 
horse liver catalase. 
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sible manner, as Theorell (12) has succeeded in doing with the 
yellow oxidation enzyme. However, upon dialyzing against 0.02 
N hydrochloric acid, the catalase became partly denatured and 
partly inactivated, apparently without decomposing into protein 
and side chain fractions. When a solution was stirred with 
sufficient methyl or ethyl alcohol to produce a precipitate, no 
splitting of the catalase into protein and prosthetic groups could 
be brought about unless the alcohol contained acid. If traces of 
acid were present, the catalase was decomposed to a slight extent, 
giving a filtrate faintly brown in color. The brown filtrate con- 
tained traces of hematin and produced a little blue color upon 
addition of hydrochloric acid. 

We observed that a solution of crystalline catalase is inactivated 
by Fairchild's trypsin after standing for a day or more at 37®. If 
the digest is dialyzed, a brown substance passes through the col- 
lodion membrane. At this point the addition of acetone and 
hydrochloric acid produces a blue color neither with the material 
inside the membrane nor with the solution outside. 

SUMMARY 

1. Modifications of the method for preparing crystalline beef 
liver catalase are described. 

2. Beef liver catalase is shown to be essentially free from copper. 

3. The total iron of beef liver catalase is between 0.09 and 0.10 
per cent. 

4. Catalase contains two side chains. One of these appears as 
hemin, while the second is split off as a blue-colored substance 
upon the addition of acetone and hydrochloric acid. 

6. Only one-half of the iron in catalase is present in the hemin, 
and consequently beef liver catalase contains only 2 hemin mole- 
cules per molecule of catalase. 

6. Treatment of catalase with slightly acid alcohol removes a 
small part of the prosthetic material, giving a brown solution. 
This contains hematin and turns blue on acidification. 

7. Digestion of crystalline catalase with trypsin inactivates the 
enzyme and prevents subsequent production of blue substance. 
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CATALYTIC EFFECTS OF POROUS POWDERS ON 
PURE VITAMIN A 

By harry N. holmes and RUTH E. CORBET 
{From the Severance Chemical Laboratory, Oberlin College, Oberlin) 

(Received for publication, November 2, 1938) 

In this laboratory we had often observed the development of 
orange- or red-colored bands while filtering solutions of fish liver 
oil concentrates through adsorption (Tswett) columns of porous 
powders. Other workers reported similar observations. 

Castle, Gillam, Heilbron, and Thompson (1), in 1934, while 
filtering solutions of fish liver oil concentrates through columns 
of alumina and of calcium hydroxide, observed both orange- and 
red-colored bands which they supposed might be due to some 
chemical change in the vitamin A present. 

Karrer, Walker, Schopp, and Morf (2), in 1933, while trying to 
isolate vitamin A, saw similar banding in their adsorption col- 
umns. By the use of calcium oxide or calcium hydroxide tubes 
the main portion of their vitamin A concentrate was separated into 
two fractions designated as a and jS, with absorption bands of 
270 and 580 my. for the a, 328 and 620 my for the j3. 

Gillam and El Ridi (3), in 1935, claimed that chromatographic 
adsorption may cause isomerization of carotenoids and that by 
it they have converted /3-carotene into a-carotene and vice versa, 
Gillam, Heilbron, Jones, and Lederer (4), in 1938, suspected a 
greater catalytic effect of alumina than of calcium hydroxide on 
certain of the substances present in a fish liver oil concentrate. 

It seemed to us that the adsorbents were not actually separat- 
ing orange or red substances already found in the liver oils but 
actually creating them by catalysis. Banding followed catalysis. 
One of us (H. N. H.) with the assistance of Miss Eva Hartzler 
made some tentative tests of this idea 2 or 3 years ago, using 
approximately 50 per cent vitamin A concentrates. Our suspi- 
cions were strengthened even though we were not working with 
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the pure vitamin. Obviously the question as to the origin of the 
orange or red substances could be settled only by treatment of 
solutions of pure vitamin A with various adsorbents. After the 
isolation (5) of crystalline vitamin A in this laboratory, experi- 
ments became possible. Combinations of seven solvents for the 
vitamin and seven solids in powder form were tried. The chem- 
ical changes produced in pure vitamin A were sometimes aston- 
ishing and served as a warning against blind use of adsorption 
columns with sensitive substances. 

EXPERIMENTAL 

Aciivaiion of Adsorbents — All adsorbents used were activated 
for 2 hours at 200® in a stream of dry nitrogen, immediately before 
use. A rough preliminary experiment, in which vitamin A solu- 
tions in all seven solvents were treated with each of the ad- 
sorbents, was used to indicate which adsorbent-solvent combina- 
tions would prove most interesting. 

Preparation of Solutions — Volumes of methanol solution (0.75 
cc. containing 30 mg. of vitamin A) were measured into nitrogen- 
filled test-tubes (12 mm. in diameter) and the methanol removed 
almost completely by evaporation at room temperature in a 
vacuum desiccator. Exactly 0.5 cc. of the desired solvent was 
then added to each tube and, after the vitamin was dissolved, 
enough of the activated adsorbent was added to form a **mud^^ 
with the solution. In other words, there was little or no clear 
supernatant liquid. Deep colors sometimes developed within 
a few minutes, but, when the colored material was soluble in 
the solvent {e,g. ^^activated alumina^^ with acetone solution), 
the increase in depth of color required several hours. The tubes 
were allowed to stand for about 20 hours at room temperature at 
which time the vitamin A and contaminating products of catalysis 
were eluted by washing three or four times with 0.75 cc. of appro- 
priate solvent, centrifuging, and decanting after each elution. 
The results of the tests on these filtrates are given in Table I. 
The blanks were treated in the same way as the other tubes ex- 
cept that after addition of the 0.5 cc. of solvent no adsorbent was 
added, the tubes merely being stoppered and allowed to stand 20 
hours. The direct color of the filtrate was read in a Lovibond 
tintometer through the thickness of the test-tubes. The results 
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given in Table I were obtained by correcting the figures actually 
read to a basis of 10 mg. of solid per cc. of solution. For ex- 
ample, if 1 cc. contained 20 mg., the reading in color units was 
divided by 2. 

Dekrmination of Blue Value — ^The blue values were determined 
with the standard antimony trichloride test. They cannot be 
regarded as very accurate because the relative humidity of the 
room at the time was too great (about 60 per cent usually), but 
they can be compared relatively. 

Determinaiion of EuA. Value — The spectroscopic absorption 
was measured in a Hilger vitameter, with silver electrodes for the 
arc. The accuracy of the instrument is not equal to that of the 
complete spectrophotometer. Furthermore, values of vitamin 
A change on standing in various solvents at room temperatures. 

Solvents — ^Acetone, Baker’s Analyzed, c.p. 

Methanol, from Commercial Solvents Corporation, their 99 
per cent grade, distilled to remove non-volatile residue. 

Ether, Merck’s Reagent, absolute. 

Pentane, b.p. 40-45®. 

Chloroform, from the Dow Chemical Company, u.s.p. grade. 

Benzene, Baker’s Analyzed, c.p., thiophene-free. 

Cyclohexane, from Eastman Kodak Company, Practical, puri- 
fied by fractional crystallization. 

Adsorbents — Alumina, ^^activated alumina” from the Aluminum 
Company of America. 

Alumina, Merck’s aluminum oxidatum. 

Silica gel, Patrick’s, from the Silica Gel Corporation, not freed 
from iron. 

Silica gel, Patrick’s, freed from iron by acid treatment. 

Silica gel, Holmes’ chalky type (6). Free from iron. 

Magnesium oxide, micron brand from the California Chemical 
Company. 

Calcium hydroxide. Baker’s, u.s.p. 

Fullers’ earth, uncertain source. 

Lloyd’s Reagent, from Eli Lilly and Company. 

Adsorbate — Vitamin A, our purest product, recrystallized sev- 
eral times from methanol. 

lonone, Eimer and Amend’s 100 per cent, probably a mixture 
of isomers. 
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ResuUa 

Distortion of Vitamin A Readings — In the other solvents not 
included in Table I it is noteworthy that magnesium oxide raised 
the jBicm. readings and the antimony trichloride “blue value^^ 
from 10 per cent to 20 per cent (except in chloroform, where both 
readings fell approximately 40 per cent below that of the con- 
trol solution). 

Calcium hydroxide showed a similar loss of 40 to 50 per cent 
in chloroform but caused only moderate apparent increase in 
methanol and acetone. In cyclohexane the loss was 38 

per cent. 

Merckxs alumina was satisfactory with methanol but not in 
some other solvents. “Activated alumina^^ was satisfactory in 
methanol, ether, and chloroform, but not in acetone or cyclo- 
hexane. 

Lloyd’s Reagent and a commercial silica gel containing a little 
iron oxide were ruinous, as shown by the great lowering in vitamin 
A readings whenever these powders were used. 

Color Changes — Judging from the increase in yellow color of 
the filtrate and residues (and appearance of red), cyclohexane is 
the poorest of the solvents tried. Ether and benzene both favor 
color development. • 

Among the solids, “activated alumina” always developed more 
color than did Merck’s alumina. Calcium hydroxide caused 
little or no color change in benzene or chloroform but caused a 
very large color increase in methanol, ether, cyclohexane, and 
pentane. Magnesium hydroxide caused a large increase in color 
with ether, acetone, and cyclohexane, a moderate increase with 
methanol and benzene, but no increase in chloroform. Purified 
silica gels were not color developers. 

Activated Alumina'^ Column Experiment — It seemed desirable to 
apply the findings of the above catalytic experiments to an actual 
adsorption column. A solution of 0.26 gm. of vitamin A in 5 cc. 
of a pentane-benzene mixture (4:1) was passed through a column 
of “activated alumina” (100 to 150 mesh) 12 cm. deep and 1,7 cm. 
wide. Three colored bands appeared and were developed by washing 
with 300 cc. of the pentane-benzene mixture. The top band, about 
1 cm. wide, was yellow, becoming more orange at the lower edge. 
The next was a 2 mm. wide, dark brown band, and the lowest a 
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Tablb I 

Effect of VatiouB Adsorbents on Vitamin A in Pentane or Benzene 






SbCb 


Adsorbenta 

Color of filtrate 

Color of residue on 
evaporation of filtrate 

Deeorbing 

solvent 

blue 
value of 

^Icm. 
value erf 




filtrate 

filtrate 


In pentane 


None 

uniti 

9 yellow 

Yellow ! 


45,000 

1040 

Activated alu- 
mina 

40 

13 red 

Red 

MeOH 

82,000 

1690 

Merck’s AbOi 

15 yellow 

Yellow 

Pentane 

67,000 

1420 

Silica gel, Holmes’ 
SiOa 

14 

it 

MeOH 

70,000 

1240 

Silica gel (pure), 

16 “ 

tt 

<1 

65,000 

1180 

Patrick’s 






Silica gel (FeaOs 
impurity), 

65 ‘‘ 

2 red 

** oil and 

i white powder 

ti 

8,600 

650 

Patrick’s 






MgO 

1 

45 yellow, 

3 red 

Orange 

Pentane 

73,000 

1510 

Ca(OH )2 

35 yellow, 
3.6 red 

Orange-red 

tt 

79,000 

1480 


In benzene 


None 

19 yellow 

Yellow 


62,000 

1230 

Activated alu- 
mina 

43 “ 

25 red 

Red 

MeOH 

80,000 

1720 

Merck’s AhOs 

21 yellow 

Yellow 

tt 

49,000 

1030 

Silica gel. 

24 “ 

Yellow-orange 

tt 

55,000 

1460 

Holmes’ Si02 






Silica gel (pure), 

25 “ 

Yellow 

tt 

61,000 

1440 

Patrick’s 






Silica gel (Fe 203 
impurity). 

51 

1 red 

“ oil and 

powder 

tt 

3,200 

450 

Patrick’s 






MgO 

39 yellow, 
2.2 red 

Orange 

coi. 

56,000 

i 

1300 

Ca(OH)j 

13 yellow 

Yellow-orange 

tt 

69,000 

1240 

Fullers’ earth 

100 ** 

Orange oil, yel- 

MeOH 

3,000 

490 
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band about 3 mm. wide, red-brown in color. The column was 
cut and the bands separated as well as possible into sections for 
elution with methanol. The fractions are further characterized 
in Table 11. 

Carotene — ^In earlier work on adsorption of carotene we occa- 
sionally obtained a greater depth of color in the desorbed material 
than the original solution. In the light of the present work this 
apparently points to a catalytic formation of more coloring mat- 
ter. Gillam and his associates are cited on this point (4). 

lonone — Since ionone has the same ring structure as vitamin A, 
an experiment was planned to discover whether the adsorbents 
and solvents which were so catalytically active on vitamin A 
would produce any visible changes in ionone. Solutions of 
ionone (26 mg. per 0.5 cc.) in the seven solvents used for vitamin A 
experiments were treated with the activated adsorbents. None 
of the adsorbents produced colored materials from methanol or 
acetone solutions of ionone, but “activated alumina^^ produced 
an orange color with ionone in the other solvents, and also in the 
absence of solvent. The colored product was desorbed with 
acetone and the color of the solution measured in a Lovibond 
tintometer. Benzene favored production of the most highly 
colored product, 1 cm. depth of a solution containing 6 mg. per 
cc. reading 2.0 yellow units in the tintometer. lonone itself is 
colorless. Less intense colored materials were produced in ether, 
pentane, and chloroform solutions with Patrick's crude silica gel, 
in benzene and cyclohexane solutions with magnesia, and in cyclo- 
hexane solutions with calcium hydroxide. Faintly yellow ma- 
terials were obtained from pentane solutions with magnesia and 
calcium hydroxide, and from ionone in the absence of solvent 
with Patrick's crude silica and with calcium hydroxide. 

DiaCUBBION 

The experimental results certainly indicate the desirability of 
preliminary tests before filtering vitamin A solutions through 
adsorbent columns. Since some combinations of solvent and 
adsorbent cause destructive changes in the vitamin, caution is^ 
desirable in assumptions that any particular substance is separated 
by column analysis into a, /3, etc., forms. This separation may 
occur and yet it may be that a catalyzed product tenaciously ad- 
sorbs more or less of the original substance. 
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For that matter, the same tests and precautions must be ad- 
visable for other sensitive substances than vitamin A, if adsorp- 
tion columns are used. 

It is noteworthy that aluminas prepared by two distinctly 
different methods often act quite differently on vitamin A. Of 
the three silicas used, the two free from iron reacted in similar 
manner, but Patrick's commercial product containing a little 
ferric oxide impurity was usually devastating in its attack on the 
vitamin. 

The extinction coeflScient (E was often much higher after 
catalysis than in the blank 20 hours old. Of course this serves to 
remind us that other substances than vitamin A strongly absorb 
light of 328 m^ wave-length. Such substances occur in certain 
fish liver oils. Obviously, if such substances can form during 


Table II 

Fractions Obtained from ** Activated Alumina*' Column 


Fraction 

Blue value 

1 cm. j 
value 

Blue value 

Color of residue 

E value 

Top, yellow 

68,000 

1150 ' 

50 

Orange and yellow oils 

Next, orange 

71,000 

1310 1 

54 

Red and yellow oils 

Mixture of brown 

68,000 

1520 1 

45 

Dark red oil 

and dark red 
Darkest red 

59,000 

1270 

46 

Red waxy “ 


column treatment, the extinction coefficients of some concen- 
trates will read too high. Similar alarming variations are ob- 
served from the blue values in Tables I and II. 

It is now evident from the experiments with magnesium oxide 
that some earlier high blue values of vitamin A concentrates 
reported from this laboratory were, in part, due to catalytic 
action of magnesia columns on the vitamin or, possibly, on asso- 
ciated impurities. 

SUMMARY 

Solutions of pure vitamin A in seven different solvents were 
treated with seven different adsorbents in order to aid in selec- 
tion of safe adsorbent columns. Catalytic formation of new sub- 
stances, sometimes orange or red, sometimes with greatly changed 
blue values and extinction coefficient values (328 m^), was ob- 
served in several instances. 
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It is shown that preliminary testing for such catalysis is ad- 
visable before subjecting any very sensitive substance to treat- 
ment with sidsorption columns. 
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THE roFLUENCE OF SOME INTERMEDIARY METAB- 
OLITES AND SALTS ON THE RESPIRATION OF 
LIVER TISSUE SUSPENSIONS 

Bt K, a. C. ELLIOTT and F. H. ELLIOTT 

(From The Biochemical Research Foundation of the Franklin InatitxUe, 

Philadelphia) 

(Received for publication, November 18, 1938) 

The respiration of slices of kidney cortex is considerably in- 
creased by the addition of a series of compounds — pyruvate, suc- 
cinate, fumarate, malate, oxaloacetate — and these substances are 
used up at a rate which would account for more than the increased 
oxygen consumption as well as for certain amounts found to be 
synthesized into carbohydrate (1-3). It was suggested that the 
main course of the oxidative metabolism of these substances in 
kidney cortex is a cycle of reactions whereby one substance is 
converted successively into the next in the order given above. 
This theory may need amplification in view of recent work on 
citrate and a-ketoglutarate with minced tissues (4), and in view of 
the fact that these two compounds behave similarly to the above 
compounds with kidney slices.^ In all sliced tissues other than 
kidney so far tried, namely rat liver, brain, testis, and cancer tis- 
sue (2, 5), and ox retina and chick embryo (6), there was no evi- 
dence that a similar cycle of* reactions takes place, since fumarate 
and malate are scarcely, if at all, oxidized. 

Lately it has been shown that most tissues contain malic dehy- 
drogenase (7) and that fumarate and malate promote catalytically 
the respiration of minced tissues (4, 8-10), 

The relation between the processes involved in the oxidative 
removal of these substances in kidney slices, their lack of effect 
with other sliced tissues, and their catalytic behavior as found in 
minced tissues are obscure. The following observations on the 
effects of various metabolites on the respiration of rat liver sus- 

^ Elliott, K. A. C., and Greig, M. E., unpublished data. 
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pensions were made while information was being collected for the 
solution of this problem. Comparative studies on other tissues 
will be reported later. 


EXPERIMENTAL 

General Methods — The simple Barcroft differential respirometer 
(11) was used for most of these experiments. The center tube 
contained 0.3 cc. of 8 per cent KOH and a splayed roll of Whatman 
No. 40 paper to absorb COj (12). The vessels were in a bath at 
37°. Since large O 2 uptakes occurred, it was necessary occasion- 
ally to open the manometer stop-cocks to the air to allow the mano- 
meter fluid to return to level. The stop-cocks were closed again 
after 30 seconds and readings continued. The manometers were 
shaken at 132 to 150 oscillations per minute with a 2.5 cm. ex- 
cursion. Raising the rate of shaking did not increase the rate 
of oxygen uptake. 

Measurements of r.q. were made by the method outlined by 
Dixon and Elliott (13). With one manometer, A, the O 2 uptake 
was measured as usual. Two other manometers, B and C, con- 
tained the same additions but no alkali papers. Hanging tubes, 
containing 0.3 cc. of 3 n HCl, were tapped into Manometer Vessels 
B and C at the end and at the start of the experimental period 
respectively. If Ha is the reading of Manometer A at the end of 
the experimental period, and hjs and he the readings of Mano- 
meters B and C when they have become constant, ^ and 
etc., are the vessel constants, then 

O 2 uptake » Ha kot^ 


CO 2 evolution hskeo^ 


kot^ ’ kcot^ 


* When the acid is added to Vessels B and C, the COj absorbed by the 
medium is liberated rapidly. There often follows a very slow continuous 
further evolution of gas, probably CO 2 resulting from the decomposition 
of compounds such as acetoacetie acid. The figures for hs and he were 
obtained by extrapolation back to the time the acid was added. If the 
readings taken 76 minutes after the addition of the acid were used for the 
second experiment of Table IV, the r.q. values would have been 0.76, 
0.86, 0.90, instead of 0.78, 0.88, 0^93. 
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For experiments in bicarbonate-buffered medium the Dixon- 
Keilin apparatus (11) filled with oxygen containing 5 per cent 
CO 2 was used. The tissue suspensions were made by homogeniza- 
tion, with the apparatus of Potter and Elvehjem (14). Unless 
otherwise stated, the liver was removed from a decapitated rat 
and cooled over ice; excess blood was drained off with filter paper 
and 4 gm. weighed into the homogenizer tube. This was thor- 
oughly disintegrated in, and made up to 14 cc. with, 0.05 m 
sodium-potassium phosphate buffer, pH 7.4. The tube was cooled 
in ice water during the homogenization. The suspension was 
used at once. The manometer vessel received 1 cc. of the sus- 
pension, containing 286 mg. of moist tissue, and the total volume 
of fluid in the vessel including other additions and water was 3 cc. 

The solutions used were as follows: NaCl, NaBr, NaNOj, 
Na acetate (pH 7.4), 0.42 m; Na 2 S 04 , 0.345 m; Na2HP04 + 
KH 2 P 04 (pH 7.4), 0.353 m; glucose, 0.775 m. These solutions are 
all approximately isosmotic, and 1 cc. of any, diluted with 1 cc. 
of 0.05 M phosphate buffer and 1 cc. of water, gives a solution iso- 
tonic with serum. i-Malate, citrate, a-ketoglutarate, pyruvate, 
tartrate, and acetate were prepared by neutralizing the acids to 
pH 7.4 with NaOH and making up to 0.21 m; dWactate 0.42 m. 
Oxaloacetic acid was dissolved, neutralized in dilute solution, and 
made up to 0.021 m immediately before use. 

Results 

Malaie and Salt Effects — The effect of fumarate in increasing 
respiration of minced pigeon breast muscle has been studied by 
various authors (4, 9, 10, 15-19). Stare (20) showed that fum- 
arate preserved the initial respiration of minced liver. Additions 
of either fumarate or malate give the same effects, since most tis- 
sues show very active fumarase activity (21), establishing rapidly 
an equilibrium mixture of the two substances. Tables I and III 
and Fig. 1 show that with homogenized liver, in the presence of 
NaCl, added malate causes not only the maintenance of the res- 
piration rate as observed by Stare but also an acceleration of the 
initial respiration. The initial respiration with added NaCl, but 
no malate, is often constant for nearly 20 minutes after the 
equilibration period, but it is lower than when malate is added and 
always falls off some time earlier. 
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It has been realized by most workers who have studied fumarate 
effects that the composition of the medium has a considerable 
effect on the results observed. Straub and Annau (22) found the 
respiration of minced muscle, liver, and kidney was lower in 
Ringer-phosphate medium than in plain 0.067 m phosphate buffer 
and the fumarate effect was much less marked. These results of 
Straub and Annau were almost certainly due to the presence of 
Ca in their Ringer-phosphate. Greville (18) showed that the 
addition to the medium of 0.002 m CaCb (about the concentration 
in blood or Ringer^s solution) caused minced pigeon muscle to 
show a low respiration which was little stimulated by fumarate. 
Stare and Baumann (10) found that stronger effects were obtained 
with pigeon breast when a Ringer-phosphate medium (containing 
no Ca) was used instead of 0.067 m phosphate buffer, and Greville 
(18) considered that the effects were dependent on the osmotic 
pressure of the medium. Greville found that 0.05 m NaCl raised 
and maintained the respiration of pigeon breast mince. Fumar- 
ate, in 0.02 M concentration which is approximately isotonic with 
0.03 M NaCl, had a similar effect, so he considered that at least 
part of the fumarate effect on muscle respiration was due to its 
osmotic pressure. Krebs and Eggleston (9) also observed the 
inhibitory effect of Ca on minced pigeon muscle and kidney. 
They did not observe the necessity for NaCl probably because 
their buffer was prepared from Na 2 HP 04 and HCl and so contained 
sufficient chloride for muscle respiration. 

The results here reported show extremely marked effects of 
NaCl on liver suspensions, which are not all simply osmotic pres- 
sure effects. 

In Tables I and III the rates of respiration during the first and 
second 10 minute intervals are given to show constancy or falling 
off in the initial period. For each series of experiments the total 
O 2 uptake is usually given at the time when the respiration of the 
most active member has begun to fall off. 

The effects of salts on the respiration of liver suspensions with 
and without added malate are shown in Table I. 

Adding 0.1 cc. of malate solution to the liver suspension (pre- 
pared as described above) caused no change in the low rate of 
respiration. When 0.1 cc. of NaCl solution (NaCl = 0.014 m) 
was added, there was still no change in respiration with or without 
added malate. 
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When 0.3 cc. of NaCl was added, there was a large increase in 
respiration rate and the addition of 0.1 cc. of malate caused a fur- 
ther increase in initial rate. With 0.6 cc. of NaCl (0.084 m) the 
respiration was still further increased and added malate caused 
further initial increase which continued for a longer period than 
with 0.3 cc. of NaCl. With 1 cc. of NaCl, giving a medium iso- 
tonic with serum, the effects with and without malate were some- 
what depressed again. The optimum NaCl concentration ap- 
peared to be about 0.08 m. 

In order to test whether the effects were due to osmotic pres- 
sure, glucose solution was tried. With 0.3 cc. of glucose there 
was little effect on respiration; 0.6 cc. and 1.2 cc. increased respira- 
tion considerably for a very short time and to about the same ex- 
tent. Apparently, therefore, osmotic pressure is a factor in de- 
termining the residual respiration; but in low concentration glu- 
cose is less effective than NaCl and the respiration falls off again 
even more rapidly than with NaCl. The osmotic pressure does 
not appear to determine the malate effect. With 0.3 cc. of glu- 
cose, added malate, 0.1 cc., caused a fleeting increase in respiration, 
probably due to its osmotic pressure. With 0.6 cc. and 1.2 cc. 
of glucose, added malate had almost no effect. 

Neither sodium sulfate nor phosphate buffer increased the res- 
piration or produced the malate effect appreciably. Actually they 
inhibited the effect of added chloride.® 

However, NaCl could be replaced by NaBr and by NaNOa with 
almost identical results. Acetate behaved anomalously since it 
did not increase residual respiration, but, with added malate, the 
respiration was as high as with NaCl plus malate. It thus seems 
that univalent anion is specifically required for the production of 
the malate effect and also these anions (with the exception of ace- 
tate) improve the residual respiration more readily than does iso- 

* If the liver is homogenized in water instead of phosphate buffer, the 
malate and NaCl effects are shown in the absence of buffer. But if 1 cc. 
of 0.05 M phosphate buffer is now added to the aqueous suspension in the 
manometer vessel (making 0.017 m phosphate), the effects of both NaCl 
and malate are no longer shown. It was mentioned above that high con- 
centrations of added phosphate inhibit the effect of small amounts of NaCl. 
But it is not understood why 0.017 m phosphate, added after homogeniza- 
tion, should inhibit, when tissue actually homogenized in 0.05 M phosphate 
is completely active though the final phosphate concentration in the experi- 
ment is nearly the same, 0.012 m. 



Effects of Salts on Respiration of Liver Suspensions with and without Added Malate 
286 mg. of moist tissue in 3 cc. of 0.012 m phosphate buffer, pH 7.4. 1 cc. of any solution in the 3 cc. makes the me- 
dium approximately isotonic with serum. 0.1 cc. of malate solution makes the concentration in the medium 0.007 M. 
The figures give the c.mm. of Oj uptake. 
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tonic glucose. With optimal NaCl concentration (0.6 cc.), the 
initial efifeet was the same whether 0.1 cc. or 0.4 cc. of malate was 
added (giving 0.007 and 0.028 m) but with the higher concentra- 
tion of malate the high rate lasted longer. The eflPect was strongly 
depressed with 0.8 cc. of malate. The results were similar with 
less chloride present (0.3 cc.) except that in all cases the respiration 
fell off sooner. Evidently the inhibition due to high malate is not 
caused purely by high osmotic pressure, since the same effect is 
seen with the lower salt concentration. 

Malate itself can replace chloride to some extent. In the ab- 
sence of added salt the respiration could be increased by the addi- 
tion of large amounts of malate; 0.4 cc. of malate gave a brief 
effect, 0.8 cc. a longer effect, but with 1.2 cc. it fell off again. In 
no case did the effect last as long as with 0.4 cc. of malate + 0.6 cc. 
of NaCl. With 0.6 cc. of glucose present, though adding 0.1 cc. 
of malate caused no increase, 0.4 cc. of malate produced the full 
effect. These effects may be due to univalent anion provided by 
malate itself, since a small amount of singly dissociated malate 
would be present at the pH of the experiments. 

The same influence of chloride and a smaller, definite increase 
in respiration by 0.025 m malate in isotonic glucose were found in 
bicarbonate-buffered medium in an atmosphere of 5 per cent COj 
in oxygen (Table II). Table II also gives results showing the in- 
hibitory effect of traces of Ca.^ For these experiments 1.33 gm. 

* An experiment was carried out ip the Dixon-Keilin apparatus with 
sliced liver in bicarbonate-NaCl medium free of Ca, with and without 
added malate. The results were exactly like those previously obtained (6) 
in Krebs’ medium containing Ca. The lack of effect of added malate on 
metabolism of liver slices is, therefore, not due to Ca inhibition. Since 
the respiration of suspensions, even with malate, falls off early, it seemed 
possible that the time taken to prepare the slices and the rather long stand- 
ing in the aerated medium before the start of the experiments in the Dixon- 
Keilin apparatus might result in loss of coenzymes necessary for malate 
oxidation. Slices were therefore prepared rapidly from the same liver as 
in the above experiment, not rinsed, but weighed and dropped directly 
into Ca-free medium in the vessels. The gas was passed faster than usual 
but for a shorter period. The respiration was somewhat higher than 
previously observed but was not increased by malate. (Usual method, 
-Qot ■“ 10.5 with malate, 10,8 without; rapid method, -Qot - 15.1 with 
malate, 16.2 without.) Malate raised the r.q. from 0.8 to 0.9 and decreased 
the Qaeid from -{-3.2 to —0.5, small changes indicating slight malate oxida- 
tion under the improved conditions. 
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of tissue were homogenized in 0.025 M bicarbonate with or without 
other salts and made up to 14 cc. with the medium. 3 cc. of the 

Table II 

Effects of Salts on Respiration of Liver Suspensions in Bicarbonate and in 
Phosphate Buffer, with and without Added Malate 


286 mg. of moist tissue in 3 cc. of medium. 

The figures give total gas exchange in c.mm. during 90 minutes. 


Medium 

Malate 

O, 

CO» 

B.Q. 

Add 

change 

0.017 M phosphate + 0.084 m NaCl 

M 

164 





0.007 

740 





Extra* 

576 




0.025 “ bicarbonate -f 0.84 “ 


169 

100 

0.59 

+62 


0.007 

660 

463 

0.70 

+18 


Extra 

491 

363 

0.74 

-34 

0.025 “ “ + no NaCl 


126 

60 

0.6 

+72 


0.007 

176 

87 

0.6 

+77 


Extra 

61 

27 


+6 

0.017 “ phosphate + 0.14 m NaCl 


163 




0.017 “ -f 0.084 

0.026 

844 





Extra 

681 




0.025 bicarbonate + 0.12 


233 

135 

0.68 

+114 


0.026 

1114 

923 

0.83 

-169 


Extra 

881 

788 

0.89 

-273 

0.025 “ “ + 0.12 ‘‘ “ 4- 


113 

57 

0.6 

+57 

0.0027 M Ca 

0.026 

122 

63 

0.4 

+44 


Extra 

9 



-13 

0.017 M phosphate -f- 0.14 m NaCl 


219 




0.017“ “ + 0,084“ “ 

0.026 

1148 




0.025 “ bicarbonate + 0.22“ glucose 


202 

94 

0.5 

+73 


0.025 

403 

318 

0.8 

+48 

Krebs’ complete physiological me- 


96 

46 

0.5 

+68 

diumt (containing Ca) 

0.026 

120 

69 

0.5 

+63 


• Due to malate. 

t Containing bicarbonate 0.026 m, NaCl 0.12 m, Ca 0.0026 m, and traces 
of KCl, phosphate, sulfate, Mg, and 0.02 per cent glucose (23). 


suspension were taken and the experiment was done in the Dixon- 
Keilin apparatus. With this apparatus, the suspension has to 
be kept nearly 20 minutes at 38® during the gassing and equilibra- 
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tion period, before the experimental period starts. Samples of 
the same tissue were run in the usual way at the same time in 
phosphate, and the results given in Table II show the respiration 
after the first 20 minutes at 38®. 

Other Substrates — Krebs and his collaborators (4, 9) showed that 
added citrate, a-ketoglutarate, succinate, fumarate, malate, and 

Table III 

Effects of Variotis Substances on Respiration of Liver Suspensions in Presence 
or Absence of NaCl 


dZ-Lactate and acetate, 0.014 m; all others, 0.007 m. 
The figures represent Oj uptake in c.mm. 
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1115 

1069 

1145 

1302 

719 

611 

422 

First 10 min. 

52 

101 

52 

139 

200; 

202 

184 

221 





Next 10 

38 

70 

33 

91 

194 
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176 
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358 

175 

364 

1039 

842 

931 

1098 










1 



Malate 

4* 

pyruvate 


Oxaloacetate 
+ pyruvate 

Oxaloacetate 
+ malate 

First 10 min. 



1 

111 


208 

203 

206 

246 

254 

218 

Next 10 “ 



1 

65 

! 

197 

196 

216 

i 203 

239 

217 

Total in 40 min.* 




236 

i 

698 

716 

I 

813 

653 

865 

773 


* Rates not yet fallen off. 


oxaloacetate accelerated the respiration of minced pigeon muscle. 
Lactate and pyruvate as well as glucose and glycogen did not. 
The results given in Table III show that in the presence of 0,6 cc. 
of NaCl, citrate, a-ketoglutarate, malate, and oxaloacetate, and 
also lactate and pyruvate, all accelerated the initial respiratipn of 
homogenized liver and maintained the high rate for a longer time 
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than without addition. The rate with oxaloacetate fell oflf earlier 
than with the other substances. Acetate and tartrate were with- 
out effect. All these active substances induced about the same 
initial rate of oxygen uptake and there was no sign of an additive 
effect when two substances were added together. Their action, 
except in the case of lactate, was completely dependent on the 
presence of NaCl (presumably univalent anion). With lactate a 
definite extra oxygen uptake occurred even without added NaCl; 
with NaCl the rate was increased. The concentration of the lac- 
tate added was too low for it to exert appreciable univalent anion 
effect itself. It seems probable that lactate is oxidized to pyru- 
vate and that the mechanisms for this step do not require the 
presence of univalent anion for their activity. 

Respiratory Quotients — Stare and Baumann (10) and Banga (24) 
showed that the addition of small amounts of fumarate to minced 
muscle caused increased respiration with an r.q. of near unity, 
which indicated that the fumarate was catalyzing the oxidation of 
normal, mostly carbohydrate, substances. The same was shown 
by Greville (19) with fine dispersions of pigeon muscle. With 
larger amounts of fumarate, 0.02 to 0.026 m, the r.q. was raised to 
1.20 to 1.26 (10), indicating that fumarate itself was being oxidized 
to some extent. (The r.q. for complete oxidation of fumarate or 
malate is 1.33.) 

In Tables II and IV the effects of malate on the r.q. of homo- 
genized liver are shown. With the simple Barcroft method men- 
tioned above, 2 it was possible to measure the r.q. during the 
initial period when the residual respiration was still quite rapid, 
and during the next period when the residual respiration had 
largely ceased and nearly all the respiration in the presence of 
malate was due to the malate. It is seen (Table IV) that with 
normal liver the r.q. in either case was less than unity, showing 
that scarcely any fumarate was being oxidized away, most of the 
respiration being due to normal substrates. With livers of fasted 
animals the respiration with malate was as high as usual, but the 
R.Q. was low, about 0.7, indicating that, in the absence of glyco- 
gen, malate can bring about the oxidation of substances other than 
carbohydrate. 

In bicarbonate buffer also, see Table II, the r.q. with added 
malate was well below unity. The use of the Dixon-Keilin appara- 
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tus disclosed a removal of acid groups, especially when a fairly 
high (0*026 m) malate concentration was used. This probably 
indicates some complete oxidation of malate, but the acid group 

Table IV 

Effects of Added Malate^ Pyruvate^ and Citrate^ on Ot Uptake and 
Respiratory Quotient of Liver Suspensions 
286 mg. of moist tissue in 3 cc. of 0.012 m phosphate buffer, pH 7.4. 
Added NaCl, 0.084 m, in all. 



Time 

0, 

COi 

R.Q. 

Fed rats 


min. 

c.mm. 

c.mm. 


No addition 

60 

400 

232 

0.58 

Malate, 0.028 m 

60 

1161 

1095 

0.94 

No addition 

First 35 

172 

134 

0.78 


Next 45 

61 



Malate, 0.028 m 

First 35 

606 

532 

0.88 


Next 45 

483 

449 

0.93 

Rat fasted 29 hrs. 

No addition 

First 25 

252 

175 

0.69 


Next 35 

75 

15d= 


Malate, 0.007 m 

First 25 

583 

418 

0.72 


Next 35 

382 

239 

0.63 


Fed rats 


No addition 

First 30 

367 

253 

0.69 


Next 50 

136 

22± 


Pyruvate, 0.014 m 

First 30 

574 

640 

1.11 


Next 50 

584 

513 

0.88 

No addition 

First 25 

291 

198 

0.68 


Next 25 

85 

62 


Citrate, 0.007 m 

First 25 

611 

633 

1.04 


Next 25 

430 

453 

1.06 


removal was not nearly sufficient to account for the whole 
extra oxygen uptake as malate oxidation. For instance, in the 
second experiment of Table II, the acid disappearance corre- 
sponded to 273 c.mm. which, if entirely due to malate removal, 
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would account for 410 c.mm. of Oa, whereas actually 881 c.mm, of 
extra Oj were taken up. In other experiments with 0.025 m 
malate, less acid disappeared, and in low malate concentration, 
0.007 M, the acid disappearance was negligible and the malate 
effect appeared to be almost entirely catalytic. 

With pyruvate, the r.q. was raised considerably; during the 
initial period it was greater than unity and the r.q. of the extra 
respiration was high. , Evidently this substance does not behave 
purely as a catalyst but is oxidized itself considerably. (The r.q. 
for complete oxidation of pyruvate is 1.2; see also next section.) 
In one experiment with citrate the r.q. was raised slightly above 
unity. 

Formation and Removal of fi-Ketonic Acids — The formation of 
acetoacetate from pyruvate by liver has been shown by various 
workers (25 29). By qualitative nitroprusside tests, Annau (30) 
showed that small amounts of acetone body were formed by liver 
mince without addition; with added pyruvate considerably more 
was formed. While the inhibitor, malonate, increased the ac- 
cumulation of acetone bodies, the addition of fumarate diminished 
it. He concluded that fumarate catalyzed the normal oxidation 
of pyruvate, and in its absence acetoacetate was formed by a less 
normal condensation and oxidation. It seems equally possible 
that fumarate catalyzes the oxidation of the acetoacetate. At 
the end of a number of experiments jS-ketonic acids were estimated 
by the aniline citrate method (31, 27);^ the results shown in Table 

* For the estimation of the /3-ketonic acids at the end of a respiration 
experiment, 0.3 cc. of 3 n HCl was added to the tissue suspension in the 
manometer vessel ; the alkali paper was removed and alkali carefully washed 
out with acid, a medicine dropper being used. A Keilin hanging tube con- 
taining 0.3 cc. of aniline citrate was introduced. The left, control, vessel 
containing 3 cc. of water also received HCl and a hanging tube of aniline 
citrate. The vessels were attached to the manometer again and returned 
to the bath at 37° (a cool bath is better but was not conveniently available). 
After 10 minutes shaking the taps were closed. Readings were taken for 
the next 26 minutes, slight CO 2 evolution occurring, and, by extrapolation, 
the zero reading at the time of introduction of the vessels into the bath 
was estimated. The tubes of aniline citrate were then tapped in. After 
10 to 16 minutes the CO 2 evolution was complete. (A very slow gas absorp- 
tion may occur later.) The method under these conditions does not differ- 
entiate between oxaloacetic and acetoacetic acids. 1 molecule of either 
yields 1 molecule of CO 2 . 
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V confirm the observations of Annau. It is seen that the equiv- 
alent of 19 to 50 c.mm. of acetoacetate was formed without addi- 
tion; with added pyruvate 100 to 140 c.mm. were formed. A 
considerable amount was formed from lactate and an appreciable 

Table V 

Formation and Disappearance of 0-Ketonic Acids (Acetoacetic and 
Oxaloacetic) 

286 mg. of moist tissue in 3 cc. of 0.012 M phosphate buffer. NaCl added, 
0.084 M, to all except last three of Experiment 1. All substrates 0.007 m 
except in Experiments 6 and 6. 

The figures represent c.mm. of CO 2 liberated by aniline. 
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♦ Oxaloacetate, estimated in presence of tissue immediately after 
addition, gave 470 c.mm. of CO|. 


amount from citrate. Added malate or oxaloacetate, 0.007 m, 
decreased the iS-keto acid found, though when a higher concentra- 
tion, 0.028 M, was used, some oxaloacetate apparently remained 
(Experiments 6 and 6). Table V, Experiment 4, shows that the 
acetoacetate was formed rapidly in the first 30 minutes; its rate 
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of formation then fell off while respiration still proceeded rapidly. 
It is to be noticed that in the absence of NaCl, lactate and pyru- 
vate do not give acetoacetate. The formation of some aceto- 
acetate may partly account for the raised r.q. values obtained with 
added pyruvate or citrate (the r.q. for oxidation of pyruvate to 
acetoacetate is 2.0, for citrate it is 4.0). 

Stare (20) showed that liver mince caused a very rapid disap- 
pearance of added oxaloacetate, and that most of the disappear- 
ance could be accounted for by reduction to malate, the remainder 
by decomposition to pyruvate. The results given in Table V, 
Experiment 5, also show the rapid removal of oxaloacetate. It 
should be noted that in spite of the fact that added oxaloacetate 
was accepting H at an extremely rapid rate, the rate at which 
oxygen was reduced, that is the oxygen uptake, was not decreased. 

Variations in Activity of Ltycrs —Occasionally livers were ob- 
tained (eight out of a total of forty-five livers) which showed no 
effect of added malate under the usual conditions. Usually the 
residual oxygen uptake of such livers, in the presence of NaCl, was 
low. By chance an experiment was done with one of these inac- 
tive livers in which the amount of tissue was varied. The results 
are shown in Fig. 1, B. It is seen that with a higher concentration 
of liver the effect of malate became apparent. An experiment with 
a liver which was active in the usual conditions showed that with 
a lower concentration of tissue the malate effect was lost (Fig. 1, 
A), When there was no malate effect, the respiration, with or 
without malate, fell off from the start instead of being constant at a 
high rate for an initial period. It seems possible that some com- 
ponent of the system has to be present in a minimum concentra- 
tion in the medium for the respiration to be maintained and the 
malate to have an effect. Certain livers are comparatively de- 
ficient in this component. Possibly in all livers the component is 
destroyed by oxidizing conditions so that respiration falls off after 
a time, though added malate, by maintaining connection with the 
reducing donators, is usually able to preserve the component for a 
longer time. 

Bearing on this point is the fact that homogenized liver loses 
its activity quite rapidly on standing, even in the refrigerator. 
But a liver may be kept on ice for several hours before being homog- 
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enized and still show almost its full activity. Presumably the 
intact tissue keeps the component in a reduced, stable, condition. 

The reason for the occurrence of the “inactive” livers is obscure. 
On several occasions when two rats in the same apparently good 
condition were taken from the same cage, the liver of one was “in- 
active” and the other fully active under identical experimental 
conditions. That the variation does not depend on the glycogen 
content of the liver was shown by several experiments with livers 



Fig. 1. Effects of varying concentrations of liver tissue (A, “active;” 
Bf ‘^inactive”) on the oxygen uptake with and without added malate. The 
vessels received 1.6, 1.0, or 0.5 cc. of liver suspension, in 0.06 m phosphate 
buffer, equivalent to 429, 286, or 183 mg. of moist tissue. With 0.5 cc. of 
suspension, 0.5 cc. of extra 0.06 m buffer was added. For curves marked M, 
the vessels received 0.4 cc. of 0.21 m Z-malate solution plus 0.6 cc. of 0.42 m 
N aCl solution. Others received 1.0 cc. of NaCl solution. All volumes 
were made to 3 cc. with water. 


of rats fasted 24 to 30 hours. These livers were always remark- 
ably active. 

Other Tismes — Work has been done on homogenized brain, 
kidney, and testis. Brain and kidney behave very similarly to 
liver with certain differences. The behavior of testis suspension 
is entirely different (possibly owing to incomplete rupture of sperm 
cells). These results will be reported later. 
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DISCUSSION 

There are two theories concerning the catalytic action in animal 
tissues of the metabolites studied in this paper. According to 
von Szent-Gyorgyi and his school (8), succinate-fumarate and 
malate-oxaloacetate with their dehydrogenases serve as hydrogen 
transporters between donators and the oxygen-activating system. 
According to Krebs (4, 9) these substances, with citrate and 
a-ketoglutarate, represent steps in a cycle of reactions which in- 
cludes a condensation between oxaloacetate and ‘‘triose,^' or other 
carbohydrate derivatives, which yields citrate. Krebs^ theory 
has been critically examined by Breusch (32) and the question is 
not settled. It is possible that citrate and a-ketoglutarate are 
oxidized and that the fumarate, etc., formed, act as catalysts in 
the von Szent-Gyorgyi sense. This might also be the manner 
in which pyruvate, which Krebs does not include in his cycle, 
exerts most of its effect. 

A point to be noted is that with all these substances, including 
pyruvate and oxaloacetate, the initial oxygen uptake rate is about 
the same and the effects of the different substances are not additive 
(Table III). Also the effects of all of them are dependent on the 
presence of univalent anion. Oxaloacetate when first added acts 
as a hydrogen acceptor at a very high rate, corresponding to an 
oxygen usage of 1200 to 2700 c.mm. of O 2 per hour under the con- 
ditions of these experiments, yet the actual initial oxygen uptake 
is still as rapid as with the other substances added. It therefore 
appears that in all cases the rate of oxygen uptake is limited by the 
same process, probably the process which requires the presence of 
univalent anion. The discovery of what this limiting process is 
should help in the elucidation of the whole respiratory process. 
Banga (16), Stare and Baumann (10), Greville (19), and Krebs 
and Eggleston (9) have shown that heated muscle extracts in- 
crease the respiration of muscle suspensions with fumarate. These 
increases are possibly partly due to NaCl in the extracts but prob- 
ably mainly due to the presence of a coenzyme which is concerned 
in the limiting process. Krebs and Eggleston (9) have shown that 
a further marked increase in the respiration of muscle mince is 
produced by small additions of insulin. Insulin, therefore, may 
be concerned in the limiting process. 

Banga (16) mentioned that in Ringer^s solution the reduction of 
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oxaloacetate to malate by muscle suspension was inhibited. This 
was probably due to the Ca in her Ringer^s solution and her ob- 
servation may help fix the point of action of Ca. 

SUMMARY 

1. The rate of respiration of liver suspensions is increased in the 
presence of chloride or other univalent anions. The respiration 
can also be increased for a short time by raising the osmotic pres- 
sure with glucose. With glucose a higher osmotic pressure is 
required than with NaCl. 

2. The respiration is further increased, and maintained at a 
high level for a longer period, by the addition of malate, oxalo- 
acetate, citrate, a-ketoglutarate, and pyruvate. The action of 
these substances is completely dependent on the presence of 
chloride (univalent anion). Lactate also increases the respiration 
but part of the increase, presumably that due to oxidation to 
pyruvate, is not dependent on chloride. 

3. Measurements of r.q. with livers of normal and fasted rats 
show that the effect of added malate is largely catalytic and that 
non-carbohydrate materials as well as carbohydrate derivatives 
arc probably burnt as a result of this catalysis. Some malate is 
completely oxidized, at least in bicarbonate buffer. Pyruvate and, 
to a lesser extent, citrate raise the r.q., and this may be due to the 
fact that a considerable amount of acetoacetate is formed from 
pyruvate and some from citrate (the r.q. for conversion of pyru- 
vate to acetoacetate is 2.0, for citrate it is 4.0). 

4. Some /3-ketonic acid (acetoacetic) is formed by the respiring 
tissue, considerably more when pyruvate is added. The amounts 
are decreased by the presence of added malate or oxaloacetate. 
The formation of acetoacetate from pyruvate does not occur in 
the absence of NaCl. 

5. Added oxaloacetate is removed, mostly by reduction to 
malate (20); t.e., it acts as H acceptor, at a very rapid rate, even 
in the presence of oxygen, yet the initial rate of oxygen uptake is 
the same as with added malate. 

6. The effect of malate is dependent on a certain minimum con- 
centration of tissue. Occasionally livers are obtained with which 
this limiting concentration is unusually high. The responsive- 
ness to malate keeps for several hours in intact excised liver but is 
soon lost after dispersion in buffer, even in the cold. 
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THE SYNTHESIS OF DICHOLYLCYSTINE AND 
CHOLYLCYSTEIC ACID* 

By SIDNEY F. VELICK, JULIUS WHITE, and HOWARD B. LEWIS 

{From the Department of Biological Chemistry ^ Medical School, University 
of Michigan, Ann Arbor) 

(Received for publication, December 12, 1938) 

The mechanism by which taurocholic acid is formed in the body 
has not yet been established. It has been suggested 1;Jiat the 
taurine is derived from cystine by the series of reactions, cystine-^ 
cysteic acid— >taurine, which has long been known to the organic 
chemist (1, 2). The possibility that taurine, thus formed, is 
conjugated directly with cholic acid is suggested by experiments 
in which simultaneous feeding of taurine and cholic acid to dogs 
increased the alcohol-soluble sulfur of the bile, whereas either 
taurine or cholic acid fed separately under suitable conditions 
did not alter the amount of this sulfur fraction or of the conju- 
gated amino nitrogen in the bile (3, 4). It has also been ob- 
served that the alcohol-soluble sulfur of the bile increases after 
the administration of cystine and cholic acid together (3, 4), 

If, in the living organism, taurine is derived from cystine, it is 
possible that the conversion of cystine to taurine may occur 
before the conjugation of the latter substance with cholic acid. 
The behavior of taurine when fed with cholic acid favors this 
mechanism. However, it is also possible that cystine is conju- 
gated with cholic acid and the cholylcystine thus formed is con- 
verted to taurocholic acid (cholyltaurine). Such a mechanism is 
supported by the experiments of Blum (5) who injected cystine 
into the vein of a dog and was able to obtain from the bile an 
alcohol-soluble substance containing labile sulfur and cholic 

* A preliminary report of this investigation was presented before the 
Thirty-second annual meeting of the American Society of Biological Chem- 
ists at Baltimore, March 30~April 2, 1988 (Velick, S. F., and White, J., 
Proc. Am, Soc, Biol, Chem,, J, Biol, Chem,, 128, p. cxxiii (1938)). 
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acid. These properties suggest the presence of dicholylcystine 
or some similar substance in the bile. 

The following series of reactions may represent the biological 
synthesis of taurocholic acid (cholyltaurine) : cholic acid + cys- 
tine— ►dicholylcystine; dicholylcystine— ►cholylcysteic acid; cholyl- 
cysteic acid— ►cholyltaurine. 

In order to study this proposed mechanism, dicholylcystine^ and 
cholylcysteic acid have been synthesized. Triformylcholic acid 
was converted to the acid chloride and coupled in chloroform 
solution with the dimethyl ester of cystine. Selective hydrolysis 
in dioxane converted the ester to the acid. The formyl groups 
were removed by the action of anhydrous ammonia in methyl 
alcohol and the product was isolated as the diammonium salt. 
A.cidification with dilute hydrochloric acid produced the free 
acid. Cholylcysteic acid was prepared by the oxidation of di(tri- 
formylcholyl)-cystine dimethyl ester with bromine and subsequent 
removal of the formyl groups with sodium methylate. The 
cholylcysteic acid was isolated as the sodium salt. 

EXPERIMENTAL 

Triformylcholic Add — This compound was prepared by a 
method essentially the same as that of Cortese and Baumann (7). 
50 gm. of cholic acid (Hoffmann-La Roche), m.p. 196°, were dis- 
solved in 100 cc. of redistilled formic acid and the mixture was 
heated for 6 hours at 60° in a glass-stoppered flask. The clear 
yellowish reaction mixture was poured slowly and with vigorous 
stirring into several volumes of distilled water containing cracked 
ice. The white granular precipitate which formed was filtered 
by suction, dissolved in 500 cc. of hot 95 per cent alcohol, and 600 
cc. of boiling water were added gradually. After standing 5 
hours at room temperature, the crystals were filtered off and 
recrystallized again. 50 gm. were obtained. Yield, 83 per cent. 
M.p. 206°. 

1 After the completion of this work, the synthesis of cystocholic acid 
(dicholylcystine) was reported from Sobotka^s laboratory by Holzmann (6). 
Beyond the statement that the synthesis was carried out by the procedure 
of Curtius, no details are available. We also prepared small amounts of 
dicholylcystine by the azide method, but abandoned this method, since 
better yields were obtained by the more convenient procedure described in 
this paper. 
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Triformykholyl Chloride — ^The method of Cortese and Baumann 
(8) was employed. It was necessary to distil the thionyl chloride 
from quinoline and then from linseed oil in a moisture-free cham- 
ber immediately before each rim. Unless these precautions were 
taken, the product became highly colored. 

Dimethyl Eater of DiiTriformylcholyiyCyatine — A solution of 
10 gm. of freshly prepared triformylcholyl chloride dissolved in 
100 cc. of dry chloroform was added gradually to twice the equiva- 
lent amount of the dimethyl ester of cystine in 70 cc. of chloro- 
form. The solution was allowed to stand for 3 hours at room 
temperature. The precipitated ester hydrochloride of cystine 
was removed by filtration and the filtrate was extracted several 
times with 10 per cent hydrochloric acid, then with 5 per cent 
sodium carbonate, and finally with water. The chloroform solu- 
tion, after extraction, was dried over sodium sulfate and the 
chloroform was removed in vacuo on a water bath at 60®. The 
residue was crystallized from hot capryl alcohol. The needles 
melted at 88-90®. Yield, 70 per cent. 

CejEwOisNaS,. Calculated, N 2.29, S 5.25; found, N 2.16, S 5.08 

Diammonium Salt of Dicholylcystine — The dimethyl ester of 
di(triformylcholyl)-cystine was dissolved in 10 times its weight 
of dioxane, 8 equivalents of n sodium hydroxide were added, and 
the solution was shaken in a stoppered flask for 20 minutes. An 
amount of n hydrochloric acid equivalent to the alkali used was 
added and the dioxane was distilled off in vacuo. This procedure 
removed the methyl groups and some of the protecting formyl 
groups. Without further purification, 2 gm. of the dried product 
were dissolved in 20 cc. of dry ethyl alcohol that had been satu- 
rated with anhydrous ammonia and the solution was allowed to 
stand 16 hours at room temperature in a glass-stoppered flask. 
The ammonia and the alcohol were then distilled off in vacuo. 
The residue was extracted with ether and dried in vacuo over 
phosphorus pentoxide. Yield, 87 per cent. 

CMH. 40 iaN 4 S 8 . Calculated, N 5.31, S 6.07; found. N 6.09, S 6.13 

Dicholylcystine — The clear colorless water solution of the above 
diammonium salt was precipitated with 10 per cent hydrochloric 
acid. The white, powdery precipitate was filtered by suction, 
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washed with water, and dried in vacuo over phosphorus pentoxide. 
The yield was almost quantitative. 

C64H88O12N2S2. Calculated, N 2.74, S 6 20; found, N 2.81, S 6.17 

Methyl Ester of Trifonnylcholylcysteic Acid — 2 gm. of the 
dimethyl ester of di(triformylcholyl)-cystine were pulverized to 
a fine powder and suspended in 50 cc. of water, and the mixture 
was stirred mechanically. 1.29 gm. of bromine were added in 
small portions as rapidly as the color of the bromine disappeared. 
The solution was filtered from a trace of unoxidized ester, ex- 
tracted with ether, and shaken with a slight excess of moist silver 
oxide. The solution was filtered rapidly and the filtrate was 
treated with hydrogen sulfide to remove the excess silver. The 
silver sulfide could not be readily filtered off, as it was present 
in colloidal form. However, by concentrating this colloidal solu- 
tion to dryness in vacuo on a water bath, and by subsequently 
extracting with dry methyl alcohol, a clear solution free from 
silver was obtained. The straw-colored extracts were decolorized 
with carbex E and the alcohol was removed in a vacuum desic- 
cator over sulfuric acid. The colorless product was dried in 
vacuo. Yield, 77 per cent. 

C,iH 470„NS. Calculated, N 2.13, S 4.87; found, N 2.10, S 4.90 

It is not necessary to isolate this compound for the succeeding 
steps inasmuch as the dry methyl alcohol solution can be used 
directly. 

Ammonium 26-CarhamyUaurocholale (fi-CarbamyUaurocholcUe ) — 
A solution of 1 gm. of triformylcholylcysteic acid (methyl ester) 
in 20 cc. of anhydrous methyl alcohol was saturated with dry 
ammonia and was allowed to stand for 16 hours at room tem- 
perature. The alcohol and excess ammonia were removed in 
vacuo. The residue was dissolved in methyl alcohol, decolorized 
by boiling with a little carbex E, filtered, and 3 volumes of dry 
ether were added. The precipitate was filtered off and dried in 
a vacuum desiccator. 

C27H4fl08N8S. Calculated, N 7.30, S 5.55; found, N 7.39, S 5.52 

This derivative was prepared as a confirmatory compound for 
analysis. 
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Disodium Salt of Cholylcysteic Acid — 1.56 gm. of ftie methyl 
ester of triformylcholylcysteic acid (from 2 gm. of the dimethyl 
ester of di(triformylcholyl)-cystine were dissolved in 10 cc. of dry 
methyl alcohol and a solution of 0.72 gm. of sodium in 10 cc. of 
dry methyl alcohol was added. After standing at room tempera- 
ture for an hour, the finely divided white precipitate was filtered 
off and washed with dry alcohol and ether. It was then dissolved 
in a hot solution of 5 cc. of absolute methyl alcohol and 2 cc. of 
water. 8 cc. of absolute methyl alcohol were added and the solu- 
tion was chilled overnight. The supernatant liquid was decanted 
from the colorless oil which separated. The oil was washed with 
dry alcohol, was covered with dry ether, and was allowed to stand 
6 hours. The solid mass was pulverized, filtered, and dried in 
vacuo. 


C,7H4.<,0«NSNa2. Calculated, N 2.32, Na 7.6; found, N 2.25, Na 7.3 

The biological studies of these compounds will be reported at a 
later date. 


SUMMARY 

The peptide, dicholylcystine, has been synthesized and its oxi- 
dation to cholylcysteic acid is described. These compounds are 
of interest in \dew of the suggestion that the conjugation of 
cholic acid with cystine may occur in vivo as a reaction in the 
biological synthesis of taurocholic acid (5, 9). 
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Medicine^ and Mercy Hospital^ Chicago) 

(Received for publication, December 7, 1938) 

The accuracy of the writer’s chloride method^ depends on the 
use of pure silver iodate.. The preparation and suggestions for the 
testing of the AglOg were given in foot-note 2 on p. 338 of the 
original paper; nevertheless, in one of the laboratories in which 
the method has been used it was found that too high results may 
be obtained because of the presence of unnoted traces of KIOs in 
the AglOa. For this reason it seems desirable to state more fully 
the following points with regard to the preparation and testing of 
the AglOj. 

1. When the AglOg is made by precipitation of AgNOs solution 
with KlOg, the directions given in the original paper should be 
followed precisely. In particular, although an excess of KlOg is 
used, that excess should be only slight; a larger excess than that 
prescribed may make diflScult the removal of KlOg from the AglOf 
by washing. 

2. Before use, every preparation of AglOg, whether made in the 
laboratory, or purchased commercially, should be tested quantita- 
tively for the presence of KIO®. The test can be made in either 
of two ways. The solubility of the AglOg in water can be meas- 
ured, or the Agio* can be used in analyses of standard chloride 
solutions of exactly known Cl content. It is in fact well to use 
both tests when introducing the method. 

Solubility Meamrement — ^This is made by the technique de- 
scribed on p. 368 of the original paper, with the gasometric, titri- 
metric, or colorimetric determination of the lOg in the saturated 

» Sendroy, J., Jr., /. BioL Chem., 180, 335, 405, 419 (1937). 
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Chloride Determination 


water. The lOj in the supernatant water should not exteed 0,21 
mM per liter. 

In the gasometric analysis the procedure described on p. 368 is 
to be followed, 2 with the additional precaution that, after the solu- 
tion has been extracted for 3 minutes and the pi reading has been 
taken, the completeness of the extraction is checked by again 
lowering the mercury in the chamber to the 50 cc. mark, shaking 
the chamber for 1 minute, and repeating the pi reading. If any 
increase over the first reading is noted, the 1 minute extraction 
and Pi reading are repeated, until the pi is constant. Because of 
the unusually large volume of solution (10 cc.) in the chamber, and 
the extreme dilution of the iodate solution, the reaction and ex- 
traction are not so quick as under the conditions of the actual 
chloride determinations. If the AglOg is pure, the lOs in solution 
will give a Pi — po difference of about 54 mm. at 0.5 cc. volume 
(the po reading being that of the blank analysis in which water 
replaces the supernatant solution). The results are calculated 
according to Equation 4 (p. 362), with the E (= f/3) factor taken 
from Table III (p. 357). 

In the titration (p. 368), if 3 cc. of supernatant solution are 
titrated, approximately 3 cc. of 0.0012 n thiosulfate solution should 
be required, according to Equation 3 (p. 411). Thus, 


mM 10* per liter 


3 X 0.0012 X 1 X 10 00 
6X1X3 


For the slight amounts of iodate measured, the titration will 
usually be found more convenient and reliable than the gasometric 
measurement. The colorimetric measurement (p. 422 and Table 
I, p. 424) is also convenient. 


2 If a 5 cc. stop-cock pipette is lacking, a 5 cc. bulb pipette may be used. 
The hydrazine is first admitted into the chamber, which is then sealed with 
mercury. The cup is then washed with water several times. After all 
excess mercury and water have been removed, the sample is admitted into 
the cup, and simultaneously into the chamber. Traces of sample adhering 
to the wall of the cup are then diluted with water up to the 2 cc. mark on 
the cup. These additional 2 cc. are admitted into the chamber, which is 
again sealed, and evacuated as usual. The blank analysis with water 
must be carried out with the same type of pipette and technique used for 
the iodate analysis. 
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Analym of Standard Chloride Solution — ^This is carried out as 
described on pp. 346 and 370 of the original paper. The simplest 
procedure is to analyze a known 100 mM chloride solution diluted 
20 times with 0.085 h HiPO^. For the gasometric analysis, 1 cc. 
samples of supernatant are used, and readings are made at the 0.5 
cc. volume. Results are calculated according to Equation 5 
(p. 363). For the titrimetric analysis, 3 cc. samples of super- 
natant are used, and titrated with 0.03 n NajSjOa. Results are 
calculated according to Equation 4 (p. 414). 

3. An additional precaution may be worth noting in connection 
with the use of a cotton plug (p. 342) for Altering the sample into a 
pipette. If the plug is inserted too tightly, and too much suction 
is exerted, the air content of 2 cc. of pipetted solution may be 
diminished enough to lower by as much as 2 mm. the pressure of 
the extracted gas when the pressure is measured at 2 cc. volume. 
In anal 3 r 8 i 8 of a 1 : 10 serum filtrate this maximal error would de- 
crease the gasometrically determined serum Cl by 0.7 nut per 
liter. This error, which, of course, does not occur in the titration 
or colorimetric measurement, would ordinarily not be important, 
but it is easily avoided. 




THE METABOLISM OF N--METHYLATED AMINO ACIDS 

I. THE AVAILABILITY OP a-N-MONOMETHYLLYSINE AND 
a-N-DIMETHYLLYSINE FOR GROWTH* 

Bt william G. GORDON 

{From the Department of Chemiatryt Stanford University ^ California) 
(Received for publication, November 21, 1938) 

In 1935 Gordon and Jackson observed that young rats can 
metabolize N-monomethyltryptophane in place of tryptophane 
for purposes of growth. Of possible mechanisms for conversion 
of the N-methyl derivative to the amino acid the most likely was 
postulated to be a demethylamination with the production of 
indolelactic acid or indolepyruvic acid, substances which are 
known to be capable of replacing tryptophane for the promotion 
of growth. The suggestion was made at the same time that other 
N-methylamino acids might be utilized in metabolism in place of 
the corresponding natural unsubstituted acids. 

Subsequently, growth studies by Fishman and White (1936) 
proved that amino-N-monoraethylhistidine can function as a 
substitute for histidine and similar experiments by Patterson, 
Dyer, and du Vigneaud (1936) demonstrated that the N-mono- 
methyl derivatives of homocystine and methionine are able to 
support the growth of rats maintained on a cystine-methionine- 
deficient diet. In these studies too, the most plausible mechanism 
for the conversion of the methyl derivatives to their respective 
amino acids was considered to be an intermediary demethylamina- 
tion to the corresponding a-ketonic acids. 

Experiments with a number of N-monomethylated amino acids 
both in model systems and with amino acid deaminase also have in- 
dicated that these compounds are oxidized with the production 

* Aided by a grant from the Stanford University School of Medicine 
Research Fund. A preliminary report of this work was presented before 
the meeting of the American Society of Biological Chemiste at Memphis, 
April, 1937. 
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of methylamine and the corresponding a-ketonic acids (Krebs, 
1936), 

In view of these findings it was thought of interest to investigate 
the availability of a-N-monomethyllysine to the animal organism 
as a substitute for l3rsine. It will be recalled that McGinty, Lewis, 
and Marvel (1924-25) observed that the rat cannot utilize o-hy- 
droxy-€-aminocaproic acid in place of lysine for purposes of 
growth. The corresponding a-ketonic acid has not been syn- 
thesized. 

The study of the behavior of a-N-dimethyllysine as a substitute 
for lysine was undertaken, since experiments in vitro have shown 
that at least 1 free hydrogen atom must be attached to the amino 
nitrogen atom of amino acids if the process of oxidative deamina- 
tion is to occur (Krebs, 1936). There have been but few in vivo 
investigations concerning the metabolism of N-dimethylamino 
acids. The data obtained by Friedmann in 1908 led him to the 
conclusion that N-dimethylamino acids could be catabolized as 
well as N-monomethylamino acids. However, as Knoop and 
Oesterlin (1927) have pointed out, the criterion for catabolism in 
Friedmann^s experiments was a comparison of urinary carbon to 
nitrogen ratios and for this reason the validity of his conclusion is 
subject to serious doubt. Knoop and Oesterlin, on the basis of 
the results of their own studies with N-dimethylphenylalanine, 
were of the opinion that N-dimethylamino acids could not be 
metabolized by the animal organism. 

The present experiments with a-N-dimethyllysine were ex- 
pected to provide additional information regarding the behavior 
of N-dimethylamino acids in metabolism. 

EXPEKIMENTAL 

Preparation of MethyUysines 

a-^N^Monomethyllysine — €-Benzoylaminocaproic acid was bro- 
minated in the a position according to the procedure of Eck and 
Marvel (1934). The a-bromo acid was then converted to a-N- 
monomethyllysine by a combination of the methods of Enger and 
Steib (1930) and Abderhalden and Schweitzer (1930-31). The 
desired compound was isolated in the form of its crystalline mono- 
hydrochloride. 
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AnaZytta— 

CrHiTOiNaCl. Calculated. C 42.72, H 8.72, N 14.25, Cl 18,03 
Pound. “ 43.04, 8.42, ‘‘ 14.4, ‘‘ 17.8 

a-N-Dimethyllysine — ^This compound is not described in the 
literature but it was synthesized readily by a method quite similar 
to that employed for the preparation of the monomethyll 3 rsine. 
20 gm, of a-bromo-€-benzoylaminocaproic acid were dissolved in 
90 cc. of 33 per cent aqueous dimethylamine. The solution was 
allowed to stand at room temperature for a period of 6 weeks, 
although a much shorter reaction time undoubtedly would have 
sufficed. A small insoluble residue was removed by filtration and 
the liquid was then concentrated in vacuo to a thick syrup. At- 
tempts to crystallize the product, e-benzoyl-a-N-dimethyllysine, 
from a number of solvents were unsuccessful. Accordingly, 200 
cc. of water and 200 gm. of anhydrous barium hydroxide were 
added to the syrup and the mixture was boiled under a reflux con- 
denser for 18 hours. In this way any free dimethylamine remain- 
ing in the syrup was driven off, the dimethylammonium bromide 
produced in the reaction was decomposed, and the benzoyldi- 
methyllysine was hydrolyzed to yield the desired product and ben- 
zoic acid. The mixture was diluted with water and excess sulfuric 
acid was added in the usual manner to remove barium. Silver 
oxide served to precipitate bromides; the excess silver was then 
precipitated in the form of silver sulfide. Benzoic acid was re- 
moved from the solution by filtration and ether extraction. The 
excess sulfuric acid was finally precipitated by exact neutralization 
with barium hydroxide. 

Following the removal of dimethylamine, benzoic acid, and 
inorganic ions as outlined above, the solution of dimethyllysine 
was concentrated in vacuo to a syrup which again resisted all 
attempts at crystallization. The syrup was therefore neutralized 
to litmus with dilute hydrochloric acid and the solution was 
evaporated in vacuo once more. The neutralized syrup was dis- 
solved in 100 cc. of warm 95 per cent ethyl alcohol, the solution 
was chilled, and anhydrous ether was added very slowly until no 
further precipitate formed. The dimethyllysine monohydrochlo- 
ride, at first somewhat gummy, crystallized completely when it 
was allowed to remain in the refrigerator overnight. The crystal- 
line solid was filtered off and dried in the air. The dried material 
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weighed 11 gm. but was manifestly impure. It was recrystallized 
from 110 cc. of hot 86 per cent ethyl alcohol and yielded a first 
crop of colorless prisms which weighed 7.4 gm. and melted at 
136°;^ a second crop, which weighed 3.0 gm., melted at 130®. The 
product, when dried at 106® to constant weight, lost 7.7 per cent 
of its original weight, indicating the presence of 1 molecule of 
water of crystallization. Therefore, following a second recrystal- 
iization from 86 per cent ethyl alcohol, the compound was dried 
at 106®. The anhydrous purified monohydrochloride sintered 
at 220® and decomposed at 232-233®. The 5 deld was 9 gm. (76 
per cent of the theoretical amount based on the bromo acid). 
This material was analytically pure dimethyllysine monohydro- 
chloride. 

Analysis — 

C 8 H 19 O 2 N 2 CI. Calculated. C 45.58, H 9.09, N 13.30, Cl 16.83 
Found. 45.52, 9.01, 13.3, 16.66 

Physiological Tests 

The methyllysine hydrochlorides were assayed in the usual way 
for their growth-promoting ability as substitutes for lysine. 
Young albino rats, weighing approximately 60 gm. each, were 
used as experimental animals. Two series of experiments were 
carried out. In Series I the rats were fed a lysine-deficient diet 
which consisted of gliadin 15, com-starch 38, sucrose 15, salt mix- 
ture (Osborne and Mendel, 1919) 4, ground agar 2, and lard 26 
per cent. Each animal received daily 100 mg. of cod liver oil and 
1 tablet^ (100 mg.) of yeast vitamin concentrate (Harris) apart 
from the remainder of the diet. The animals were maintained on 
this basal ration for a period of at least 4 weeks. Next, the deriva- 
tives to be studied were incorporated in the deficient diet in 
amounts equivalent, on the basis of molecular weights, to 1 gm. 
of dWysine per 100 gm. of the basal food. The compounds were 
fed for a period of at least 3 weeks. At the end of this time, since 
the rats did not show positive growth responses, the deficient diet 
was restored for a period of 2 weeks, and finally di-lysine itself 
(in the form of the dihydrochloride) was incorporated in the basal 

1 All melting points are corrected. 

* Each tablet contained 15 Sherman units of vitamin Bi and 4 Sherman 
units of vitamin B 2 , vitamin-free starch being used as excipient. 
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ration to demonstrate that the animals possessed the expected 
capacity for growth. All diets were fed ad libitum and individual 
food consumption data were recorded. Each compound was 
tested with three animals and the results were entirely uniform. 

In the experiments of Series II several changes were made in 
the above procedure because of the fact that the animals did not 
grow very well even during the period when lysine was included 
in the diet. In the first place, the percentage of gliadin in the 
deficient ration was raised to 30, the corn-starch being reduced 
accordingly to 23 per cent (c/. Melnick and Cowgill (1937)). 
Secondly, the vitamin B complex supplement was administered 
in a different form: 100 mg. of ryzamin-B® and 100 mg. of liver 
extract powder (Lilly) dissolved in 2 cc. of water and fed daily 
to each animal. Finally, since the amino acid supplements were 
being fed in the forms of their hydrochlorides, it was thought de- 
sirable to neutralize the excess acid; therefore, when the deficient 
diet was supplemented by monomethyllysine or by lysine, the 
theoretical quantity of sodium bicarbonate required for neutraliza- 
tion of the hydrochloric acid was included in the supplement. 
Otherwise the studies in Series II were conducted in exactly the 
same way as were those in Series I. 

Much better growth responses were obtained by means of the 
modified procedure. However, the experiments in Series II served 
solely to confirm and strengthen the results of the experiments in 
Series I. Since the results of the tests with monomethyllysine 
in both series were similar, the growth responses being negligible 
in all experiments, the dimethyllysine was not assayed in Series II. 

DISCUSSION 

The results of the physiological tests are summarized in Table I. 
In Series I Rats 30 and 45 were negative controls (given the basal 
deficient diet); Rats 31 and 41 were positive controls (given the 
basal diet + lysine). The monomethyllysine was tested in Rats 
33, 40, and 43. During the period of feeding with this compound 
little or no change in growth rate was observed. The dimethyl- 
lysine was administered to Rats 32, 42, and 44. Again, no posi- 
tive growth response was apparent. It will be noticed that the 

* This preparation was generously supplied by the Burroughs Wellcome 
and Company Experimental Research Laboratories. 
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* The basiJ diet in Series I contained 15 per cent giiadin; that in Series II contained 30 per cent gliadin. 
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experimental animals, during the period of feeding with lysine, 
grew at a rate of approximately 0.5 gm. per day and that the posi- 
tive control animals grew at a similar rate. Although the differ- 
ences in growth rates were not as great as they might have been, 
it is felt that the results are significant and that they indicate that 
neither of the methyllysines is available to the rat for purposes of 
growth. This conclusion is supported by the data from Series II. 
Control Rats 46 and 48, maintained on the modified basal diet 
which contained twice as much gliadin as the original basal diet, 
grew slowly at a rate of approximately 0.35 gm. per day. Experi- 
mental Rats 47 and 51 grew somewhat more rapidly on the basal 
ration but, upon incorporation of monomethyllysine in the food, 
the growth rate was lowered rather than raised; during the final 
period of lysine feeding these rats grew quite rapidly. 

The failure of a-N-monomethyllysine to promote growth is 
perhaps surprising in view of the utilization of other N-mono- 
methylated amino acids. It is possible, of course, that mono- 
methyllysine cannot be demethylaminated by the rat and that it 
therefore cannot function as a precursor of lysine. Although 
there is little in vivo evidence favoring this hypothesis, the in vitro 
experiments of Keilin and Hartree (1936) afford it some support. 
These investigators, while showing that methylamine is liberated 
from N-monomethylalanine by the action of amino acid deaminase, 
also demonstrated that N-monomethyltyrosine is not attacked by 
the enzyme. It would be interesting to study the behavior of 
monomethyllysine in this reaction; perhaps, like monomethyl- 
tyrosine, monomethyllysine is not attacked. 

If we assume, on the other hand, that demethylamination of 
the monomethyllysine does occur in the usual manner, the corre- 
sponding a-hydroxy or o-ketonic acid would be produced. It has 
already been established that a-hydroxy-eaminocaproic acid can- 
not replace lysine in metabolism. In this respect then, there is a 
striking similarity in the behavior of a-N-monomethyllysine and 
a-hydroxy-€-aminocaproic acid. The failure of animals to utilize 
either of these substances may well be attributed to a failure in the 
production of the corresponding a-ketonic acid or to a loss of the 
keto acid by some side reaction after it is formed. In this connec- 
tion Jackson and Block (1937-38), referring to the results of the 
present investigation, comment as follows: ‘^Neither the dJr 
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hydroxy nor the dH-N-methyl derivative nor the unnatural form 
of the amino acid is available in place of lysine for growth. This 
may not mean the failure or absence of three entirely septate 
physiological mechanisms. On the other hand, it is conceivable 
that these three substances related to natural lysine are converted 
to the corresponding a-keto acid, but that the latter, susceptible 
to side reaction, is diverted from the more usual amination 
process.” 

Obviously these experiments throw no light on the general 
problem of the metabolism of N-dimethylamino acids. Since 
a-N-monomethyllysine apparently cannot replace lysine in 
metabolism, there is little reason to expect anything other than a 
negative result with the dimethyl compound. It will be interest- 
ing to study other N-dimethylamino acids in a similar manner. 

SUMMARY 

A synthesis of a-dimethyllysine monohydrochloride has been 
described. 

Neither a-N-monomethyllysine nor a-N-dimethyllysine is capa- 
ble of stimulating growth in rats subsisting on a diet deficient 
in lysine. 
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A CHEMICAL REAGENT FOR THIAMINE* 

Bt harry J, PREBLUDAt and E. V. McCOLLUM 

{From the Biochemical Laboratory ^ School of Hygiene and Public Healthy the 
Johns Hopkins University ^ Baltimore) 

(Received for publication, October 29, 1938) 

The rapid advances in the study of the physiological V61e of 
thiamine (vitamin Bi) make its direct quantitative estimation 
highly desirable. Few chemical tests have been proposed which 
offer the prospect of application to solutions or concentrates for 
this purpose. 

Jendrassik (1) while working in our laboratory tried to find a 
specific chemical reagent which would produce a qualitative color 
reaction with the antineuritic vitamin. He found that solutions 
containing this vitamin invariably reduced ferric ferricyanide to 
form blue-colored solutions, which he assumed owed their color 
to the presence of Prussian blue (Terric ferrocyanide). Levine 

(2) made a critical study of Jendrassik^s reaction and found that 
this test was given by ortho- and polyphenols. Nevertheless the 
use of ferricyanide may have suggested a line of thought to Barger 

(3) , who oxidized the vitamin with alkaline ferricyanide to form a 
pale yellow-blue fluorescent compound now known as thiochrome. 
The thiochrome test has been made the basis of a method for the 
quantitative estimation of thiamine by Jansen (4), who used the 
fluorometer apparatus of Cohen (5) for measuring the fluorescence 
of the thiocrome after it had been extracted with isobutyl al- 
cohol. Certain substances interfere with this reaction, since com- 
plete recovery of thiamine added to urine cannot be obtained. 

* Presented by Harry J. Prebluda to the Board of University Studies of 
the Johns Hopkins University in partial fulfilment of the requirements 
for the degree of Doctor of Philosophy in Biochemistry. 

The authors are indebted to Dr. R. R. Williams and the Research 
Corporation for financial assistance on this project. 

t Eli Lilly Fellow in Biochemistry 1936-37. 
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Chemical Reagent for Thiamine 


The method also involves the use of special apparatus and the 
results obtained vary as much as 20 per cent from those obtained 
by the bradycardia method of Birch and Harris (6). 

Spruyt (7) proposed the use of phosphotungstic acid to pre- 
cipitate thiamine from extracts of foodstuffs and estimated the 
centrifuged precipitate by means of hematocrit tubes. Rosen- 
thaler (8) reported the use of Reinecke^s salt as well as potassium 
tetranitritodiamino cobaltate for precipitating the vitamin. 
However, these tests are not specific. Naiman (9) reported the 
use of a solution of bismuth iodide in potassium iodide as a sensi- 
tive reagent for the thiazoles. He suggested the possibility of 
using this reagent as the basis of a gravimetric determination of 
thiamine. No specificity was claimed and it is well known that 
the solution reported is classed with the alkaloidal reagents. 

A Pauly (10) color reaction for thiamine was first reported by 
Jansen and Donath (11) who employed diazotized sulfanilic acid 
as the reagent. Kinnersley and Peters (12) claimed that their 
yeast fractions did not fractionate with biological activity when 
they used the Koessler and Hanke modification of this reaction 
(13). Guha and Drummond (14) also reported that active anti- 
neuritic fractions obtained from yeast gave feeble Pauly reactions. 
Odake (15) claimed that his vitamin Bi crystals gave a slow, pink 
diazo reaction. Nevertheless, Tschesche (16) and also van Veen 
(17) were unable to find any activity of their crystalline thiamine 
preparations when treated with diazotized sulfanilic acid. Van 
Veen was of the opinion that a reaction should take place and he 
was at a loss to explain the inactivity of his preparations with the 
reagents. 

Kinnersley and Peters (18) were of the opinion that fine shades 
of alkalinity influenced the coupling of the vitamin. When the 
Koessler and Hanke modification of this reaction was used, a yel- 
low coloration was obtained, whereas solutions more strongly al- 
kaline resulted in pink colors which faded gradually and were 
always tinged with yellow. Although the formaldehyde modifica- 
tion of Kinnersley and Peters (18) increased the stability of the 
pink colors obtained with thiamine, the test was unsatisfactory 
for colorimetric work because of the yellow tinge which persisted. 
Even though Kinnersley and Peters were not successful in placing 
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the reaction on a colorimetric basis, their formaldehyde-azo test 
was a definite advancement toward developing a colorimetric test 
for thiamine, which minimized the coupling of histamine type com- 
pounds with diazotized sulfanilic acid. 

Deviatmin (19) modified the Kinnersley-Peters test by heating 
the reagent with the vitamin test solution before comparing with 
standards. This modification may prove to be of doubtful value, 
since diazotized sulfanilic acid decomposes upon heating. 

Since Ehrlich (20) found diazotized sulfanilic acid useful as a 
reagent, many workers have sought to use this compound for 
coupling with substances of biochemical interest. It was sur- 
mised that the investigation of other derivatives of aniline or the 
naphthylamines might afford a reagent of greater specificity for 
thiamine than diazotized sulfanilic acid. A diazotized amine 
which would react with the vitamin to form a colored water-insol- 
uble compound would afford the possibility of separating this en- 
tity from extraneous material, and so provide a better basis for a 
chemical estimation. A reagent which would not react with other 
biologically important compounds but only with thiamine to pro- 
duce a highly colored precipitate would be ideal. Our search for 
such a reagent has, we believe, been successful. 

EXPERIMENTAL 

A great many amines were diazotized according to the method 
of Kinnersley and Peters (18), which involved the use of sodium 
nitrite and a solution of sulfanilic acid in hydrochloric acid. We 
employed one molecular equivalent of the amine tested in place 
of sulfanilic acid. 

The attempts to couple thiamine with diazotized amines in an 
acid solution to produce colorations or colored precipitates were 
unsuccessful. This confirmed the experience of Kinnersley and 
Peters (18). When solutions of the diazotized amines were made 
alkaline and added to aqueous test solutions of thiamine, coupling 
took place, as evidenced by a series of color changes. Similar 
experiments were carried out simultaneously with test solutions 
of histidine, since it was most desirable to find a diazotized amine 
which would differentiate between this compound and the vitamin. 
The diazotized naphthylamines and the diazotized derivatives of 
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aniline coupled in an alkaline solution with thiamine to produce a 
variety of red colors, whereas histidine coupled under similar con- 
ditions to produce yellow- and orange-colored solutions. 

Of the amines investigated the alkaline diazotates of p-amino- 
acetanilide and p-aminoacetophenone produced purple-red-colored 
precipitates with solutions containing thiamine. 
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p-Aminoacetanilide p-Aminoacetophenone 

A brief preliminary report of these reagents has been made (21). 

To bring about a diazotization reaction with p-aminoacetanilide, 
it was first necessary to dissolve this compound in hydrochloric 
acid as a preliminary step. Upon standing, acid solutions or 
dilute aqueous solutions of this amine decompose and assume a 
deep red color. The decomposition takes place in the dark as 
well as in the light. Evidently a hydrolysis takes place slowly 
at the point where the acetyl radical is attached to the secondary 
amino group in the molecule. 

Since p-aminoacetophenone is fairly stable in aqueous solutions, 
our subsequent work was confined to this amine which proved to 
satisfy the requirements for its use as a reagent for thiamine. In 
our hands this reagent is best prepared from the following three 
solutions, freshly mixed before using. 

Solution A — 3.18 gm. of p-aminoacetophenone (Eastman Kodak 
Company, No. 631) are dissolved in 45 cc. of concentrated hydro- 
chloric acid (37 per cent) and made up to a final volume of 500 cc. 
in a volumetric flask with distilled water. Precautions are taken 
to keep the solution in a glass-stoppered flask and to avoid the 
presence of strong light when not in use. The activity of this solu- 
tion is unaltered after standing for 6 months. 

Solution B — 22.5 gm. of c. p. sodium nitrite are dissolved in dis- 
tilled water and made up to a final volume of 600 cc. in a glass- 
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stoppered volumetric flask. This reagent begins to deteriorate 
after standing for a month. It is best preserved at refrigeration 
temperatures. 

Solution C — 20 gm. of c. p. sodium hydroxide are dissolved in 
600 cc. of distilled water; 28.8 gm. of c. p. sodium bicarbonate are 
then added and the solution made up to a final volume of 1 liter 
with distilled water. 

Directions for Diazotizaiion — The diazotization reaction is 
carried out in an ice bath with use of 1 part by volume each of 
Solution A and of Solution B. This reaction requires a period of 
about 10 minutes. The mixture is agitated by means of an elec- 
tric stirrer. At the end of this period 4 parts of Solution B are 
added to the resultant mixture. The solution is stirred and 
maintained at a temperature of 0-"5° for at least 20 minutes. 
When the reaction is completed, the diazotized solution remains 
satisfactory for use at least 12 hours at refrigeration temperatures. 
It is advisable to prepare fresh solutions daily 

Directions for Making Final Reagent — In making the final 
reagent for reaction with the vitamin, add 20 cc. of freshly diazo- 
tized p-aminoacetophenone to a flask containing 275 cc. of Solu- 
tion C. When these reagents are mixed, a purple coloration 
appears. This color disappears on stirring with an electric stirrer 
for a period of 5 to 10 minutes. The test solution must be adjusted 
to pH 5.0 to 6.0 immediately before it is allowed to react with the 
final reagent. 

For a simple qualitative test on a solution containing thiamine, 
small Wassermann tubes are well suited for carrying out the reac- 
tion. 2 cc. of final reagent were added to 1 cc. of the thiamine test 
solution. The reaction is characterized by the formation of a 
purple-red coloration within 20 minutes and upon standing a pre- 
cipitate of the same color settles out. For solutions containing 
less than 5 micrograms per cc. it is necessary to use larger quan- 
tities of the test solution. With smaller quantities of the 
vitamin, a small hand-glass may be necessary for observing the 
colored precipitate which settles out within 20 to 24 hours. By 
using the hanging drop technique, as little as 0,1 microgram of 
synthetic thiamine may be detected under the microscope. 

The purple-red precipitate is flocculent and exhibits the follow- 

^ It has been found that this reagent retains its activity for a week. 
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ing properties : it is insoluble in water, concentrated alkali, dilute 
acids, and petroleum ether; is soluble in 96 per cent ethyl alcohol, 
propyl, butyl, and isobutyl alcohol, acetone, dioxane, glacial acetic 
acid, ethyl ether, carbon tetrachloride, chloroform, benzene, 
toluene, and xylene. 

Of the solvents mentioned, isobutyl alcohol, toluene, and xylene 
were found best for extracting the colored suspension to form a 
colored non-aqueous liquid phase. Of these latter solvents, the 
aromatic compounds seemed to possess the best working proper- 
ties for quantitative work, since they are least soluble in water. 

The reagent has been tried successfully with the formation of 
the characteristic purple-red precipitate on samples of defatted 
wheat germ, defatted rice polishings, Seideirs international ad- 
sorbate, Anheuser-Busch yeasi concentrate No. 2, Anheuser-Busch 
yeast adsorbate, Eli Lilly rice polishings adsorbate No. 928,389, 
crystalline thiamine (Merck), both natural and synthetic, as well 
as synthetic thiamine crystals supplied by the Winthrop Chemical 
Company. It was found that the colored precipitate could be 
removed from extraneous material and recovered by extraction 
with acetone and evaporation of this solvent with the subsequent 
addition of water. 

In order to ascertain whether or not the new reagent reacted 
with other biologically important compounds, it was tested with 
the following substances: acetic acid, acetone, adrenalin, adenine, 
albumin, ascorbic acid, betaine, caffeine, cytosine, casein hydroly- 
sate, creatine, creatinine, dextrose, ethyl alcohol, fructose, galac- 
tose, gelatin hydrolysate, glutathione, guanidine, guanine, hydro- 
quinone, inositol, insulin, lactose, methyl alcohol, nicotinic acid, 
nicotinic acid amide, nucleic acid, oxalic acid, phenol, phloroglu- 
cinol, quinine, resorcinol, riboflavin, saccharin, sarcosine, sucrose, 
theelin, thioneine, thiochrome, trimethylamine, thymine, tyra- 
mine, uracil, urea, uric acid. 

Each of the twenty-two amino acids was also tested. Of all the 
substances tested, inositol (ash-free, Eastman, No. 1252) was the 
only compound which produced a colored precipitate with the 
reagent. The precipitate obtained with this compound was floc- 
culent and greenish blue in color. When this precipitate was 
collected on filter paper and washed with distilled water, it changed 
to a yellow color. It was soluble in dilute acids and slightly in 
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distilled water. The inositol precipitate is insoluble in dilute 
alkali. In aliphatic solvents it imparted a slight yellow coloration ; 
in aromatic solvents it is insoluble. Inositol did not interfere 
with the reaction when thiamine was allowed to react with the 
reagent, since its reaction product could be removed following 
filtration by washing with dilute acid. 

In an attempt to elucidate the mechanism of the reaction in- 
volved in the formation of the purple-red precipitate obtained by 
allowing thiamine to react with the reagent, some of the following 
intermediate compounds used in the synthesis of thiamine were 
studied: Merck, 37-AR-84(2), 2-methyl-5^bromomethyl-6-amino- 
pyrimidine hydrobromide; Merck, 37-AR-85(3), 4-methyl-5-/S-hy- 
droxyethylthiazole; Merck, 37“AR-86(1), 5-ethoxymethyl-6-amino- 
pyrimidine; Merck, 37-AR-105, 4-methyl-5-/3-hydroxyethylthiazoIe 
methiodide. 

Both pyrimidine derivatives produced a yellow coloration when 
permitted to react with the final reagent, whereas the thiazoles 
produced purple-red precipitates whose properties were similar to 
the colored precipitate obtained with vitamin solutions. It is 
of interest to note that the free thiazole portion of the molecule 
reacted much more slowly and produced a smaller amount of 
precipitate than an equivalent quantity of the quaternary form, 
which reacted almost instantaneously. 

The following synthetic compounds were obtained from Dr. A. 
R. Todd of the Lister Institute, London, and were tested with 
the reagents : 4-methylthiazole, 3-(6'-ainino-4'-ethylpyrimidyl- 
5')-4-methyl-5-j8-hydroxyethylthiazolium hydrochloride, 3-(6'- 
amino-4'-methylpyrimidyl-50-4-methylthiazolium chloride hydro- 
chloride, 4-amino-5-aminoethyl-2-methylpyrimidine hydro- 
chloride, 3-(6'-amino-2'-methylpyrimidyl-5'-50-methyl-4-methyl- 
thiazolium chloride hydrochloride, 3-(6'-hydroxy-2'-methylpyri- 
midyl-5')-methyl-4-methylthiazolium chloride hydrochloride. 

The only compound in this group which reacted with the re- 
agent to produce a purple-red precipitate was the inactive isomer 
of thiamine, 3- (6 '-amino-4 '-ethylpyrimidyl-6 ') -4-methyl-5-/9-hy- 
droxyethylthiazolium chloride hydrochloride. It is of interest to 
note that this compound was similar in its reactivity to the free 
thiazole portion of the vitamin which reacted much more slowly 
with the reagent than the vitamin itself, which contains a methyl- 
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ene bridge between the thiazole and pyrimidine portions of the 
molecule. 

It was also found that under controlled conditions the colored 
precipitate, obtained by allowing the reagent to react with thi- 
amine, obeyed Beer^s law in aliphatic as well as aromatic solvents. 

The absorption spectra* of purified samples of colored precip- 
itates prepared with the reagent from Eli Lilly adsorbate (rice 
polishings), as well as Merck and Winthrop synthetic thiamine, 
indicated a maximum absorption of 325 m^t for all samples; in the 
visible region the Winthrop and Merck products exhibited iden- 
tical maxima at 516 m/n, whereas the precipitate obtained from the 
Eli Lilly adsorbate exhibited the same type of absorption but with 
a maximum at 520 m/i. This may have been due to small quan- 
tities of impurities present in the product obtained from the ad- 
sorbate ; nevertheless the results check within the limits of photo- 
graphic technique and indicate that the reaction products obtained 
from natural sources are similar to those obtained by reaction of 
the reagent with the synthetic vitamin. 

DISCUSSION 

The reagent descril^ed herein seems to be specific for the 4- 
methyl-5-i3-hydroxythiazole portion of the thiamine molecule. 
In applying this reagent for quantitative work, we have had con- 
siderable difficulty in obtaining approximately quantitative ex- 
traction of the vitamin from such biological materials as yeast, 
wheat germ, etc. After extraction, the problem of concentrating 
the vitamin without destruction presented itself. Adsorbates 
seem best suited for this 4 )urpose, since they also allow the removal 
of extraneous material without destruction of the vitamin. It 
should be mentioned that adsorbates had to be specially treated 
so that eluates made therefrom did not carry along inorganic sub- 
stances which interfered with the activity of the reagent. High 
salt concentrations and ^metallic ions were found to influence the 
effectiveness of the reagent. In working with adsorbates from 
extracts of natural products it is difficult to obtain 100 per cent 
elution of the vitamin. 

These obstacles must be overcome before a method generally 

* The authors are indebted to Dr. C. E. Bills and Dr. F. G. McDonald 
of Mead Johnson and Company for the absorption spectra studies. 
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applicable can be worked out for using the new reagent as part of a 
quantitative chemical procedure for the assay of foodstuffs and 
biological materials. Further work along these lines is in progress 
in this and other laboratories. 

SUMMARY 

Two reagents have been described which react with the thiazole 
portion of thiamine to form purple-red compounds which are highly 
insoluble in water but soluble in selective organic solvents. Alka- 
line diazotized p-aminoacetophenone was found to be the better 
of the two reagents reported. Many obstacles, such as complete 
quantitative extraction and concentration of thiamine from bio- 
logical materials, must be overcome before the reagent is appli- 
cable in quantitative work. 
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CHEMICAL DETERMINATION OF VITAMIN Bi 

I. REACTION BETWEEN THIAMINE IN PURE AQUEOUS SOLUTION 
AND DIAZOTIZED p-AMINOACETOPHENONE 

By DANIEL MELNICK* and HENRY FIELES Jr. 

(From the Department of Internal Medicine^ Medical School^ University of 
Michigan, Ann Arbor) 

(Received for publication, November 14, 1938) 

In the recent literature several chemical methods for the deter- 
mination of thiamine are described. Some of these admittedly 
lack specificity (1-3). The determination of the blue fluorescence 
in ultraviolet light of thiochrome, one of the oxidation products of 
thiamine, has been most widely investigated (4-12). Its appli- 
cation to the quantitative determination of thiamine is compli- 
cated by similar blue fluorescence given by other substances (4-7, 
9), the difldculty in correcting for such non-specific fluorescence 
(6, 13), the presence in biological materials of substances which 
may combine with thiochrome to form non-fluorescent com- 
pounds (7) or which may affect the intensity of the fluorescence 
(14, 15), the instability of the fluorescence during measurement 
(16), and the fact that thiochrome is an intermediate in the oxi- 
dation of thiamine (4-8), the yield of which must be influenced 
by other oxidizing and reducing substances (4, 6-8) as well as 
the amount of thiamine and reagent present (4-7). 

In 1934, Kinnersley and Peters (17) reported that the reaction 
between thiamine and diazotized sulfanilic acid in alkaline solu- 
tion was made more sensitive by the presence of formaldehyde. 
This reaction has been repeatedly criticized because of lack of 
specificity. Their procedures were subsequently improved (18) 
so that semiquantitative data were obtained when the reaction 
was applied to the determination of thiamine in biological ma- 
terials. Prebluda and McCollum (19) modified the reagent using 
diazotized p-aminoacetophenone; the formaldehyde addition was 

* Upjohn Fellow in Clinical Research, 1937-39. 
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not included in the test. The diazonium salt of 2,4-dichloro- 
aniline has also been reported (20) as a reagent for the chemical 
determination of thiamine in biological materials. The specificity 
of this reagent for the vitamin and the adequacy of the procedures 
used in its application require confirmation. 

In the present studies we have investigated the use of diazotized 
p-aminoacetophenone as a reagent for the chemical determina- 
tion of thiamine. The method has been found specific for the 
vitamin, made quantitative, more sensitive, and successfully 
applied to analyses of a number of natural sources of thiamine, 
including yeast, rice polish, wheat germ, and liver. 

EXPERIMENTAL 

Thiamine reacts with diazotized p-aminoacetophenone in alka- 
line solution to produce an insoluble red pigment. In our inves- 
tigations we have used this reagent exactly as described by 
Prebluda and McCollum^ (19). For the estimation of small 
amounts of the vitamin, a solvent was sought which would ex- 
tract quantitatively the thiamine derivative to yield a solution 
suitable for colorimetric evaluation. The solvent should not 
only extract quantitatively the pigment from the aqueous phase, 
but should also be completely immiscible with water, differ ap- 
preciably in specific gravity so that the separation into the two 
phases may take place with satisfactory rapidity, possess a low 
vapor pressure in order that no change in volume of the solution 
may occur during the colorimetric evaluation, and finally be a 
stable, non-reactive compound so that the character of the reac- 
tion product may not be altered by its use. Xylene possesses all 
of these qualifications and has been used throughout for this 
purpose. 

Specificity of Method for Detecting Thiamine — Inasmuch as we 
always use the technique of adsorption on synthetic zeolite (per- 
mutit) and elution in preparing concentrates for testing, only 
those compounds similarly adsorbed were studied. A series of 
tests was conducted with 5 mg. quantities of a number of such 

^ We are very much indebted to Dr. E. V. McCollum for supplying us 
with detailed directions for the preparation of the reagent, prior to publica- 
tion of the complete report. 
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compounds* (21). The compounds investigated were ammonium 
nitrate, hydroxylamine, hydrazine, ethylamine, trimethylamine, 
benzylamine, choline, guanidine, atropine, pilocarpine, nicotine, 
quinine, histamine, adrenalin, tyrosine, histidine, arginine, and 
lysine. Of these compounds some did react with the reagent to 
yield colored de;rivatives. Histamine and histidine both gave 
orange colors; tyrosine, pink; and adrenalin, red, which changed 
to violet and finally faded to yellow. However, none of these 
colored derivatives was extracted by the xylene but all remained 
in the aqueous phase. 

Degradation products of thiamine which are not biologically 
active were found to produce no color with the diazonium salt. 
This was true after sulfite cleavage which yields intact pyrimidine 
and thiazole derivatives (22), after the action of alkali and heat 
which results in the opening of the thiazole ring (23), after simple 
deamination, and after oxidation to the thiochrome stage (13). 
Because in both of these last two reactions the free amino group 
on the pyrimidine ring no longer exists, Barger and associates 
(13) believe that it is this group which couples with diazonium 
salts to yield colored derivatives. 

Probably the best proof of specificity of the method is derived 
from tests conducted on a number of biological materials (24). 
In all cases the substance responsible for the red color in the 
xylene layer was found to be as completely adsorbed and eluted 
as thiamine and also as unstable to alkali and heat. 

Time Required for Completion of Reaction — 100 micrograms of 
thiamine chloride in 10 cc. of water at pH 7 were allowed to react 
at room temperature with 20 cc. of the Prebluda-McCollum 
reagent for variable periods of time. The reaction product was 
then extracted^ in each case with 2 cc. of xylene and the color 
evaluated in a microcolorimeter with the 24 hour sample as the 
standard for comparison. The results of this study are presented 
in Fig. 1. The reaction was observed to have gone 75 per cent 
to completion within 5 to 30 minutes and by the 13th hour maxi- 
mal and constant values were obtained. In all our subsequent 

* Dr. Howard B. Lewis of the Department of Biological Chemistry, 
University of Michigan, kindly supplied us with many of these compounds. 

* Cork stoppers are used. 
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tests the xylene extraction was carried out after the reaction had 
been allowed to proceed for at least 15 hours (overnight). 

Influence of Variations in Volume of Thiamine Solutions upon 
Reaction—A series of tests was performed in which 20 cc. of the 
reagent were added to vitamin solutions containing in all cases 
100 micrograms of thiamine chloride but varying in volume from 
1 to 20 cc. The results of these tests are given in Fig. 2. When 
comparison is made with the standard vitamin solution, 10 cc. 
in volume, an increase in the recovery of the vitamin is noted in 
the more dilute solutions and vice versa. 
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Fig. 1. Time required for completion of the reaction between thiamine 
and diazotized p-aminoacetophenone. A total of 100 micrograms of tliia- 
mine chloride was used in each test. 

In similar fashion, tests conducted with varying quantities of 
the reagent but with all other factors maintained constant indi- 
cate that greater recoveries of the vitamin derivative are possible 
when decreasing amounts of the reagent are used. This is true 
to within certain limits, after which the quantity of the reagent 
may be insufficient to couple with all of the vitamin. These vari- 
able recoveries were found to be due to the fact that the thiamine 
concentrations are determined by an alkaline reagent which 
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tends to destroy the vitamin and as the ratio of the volume of the 
reagent to that of the vitamin solution is decreased this destruc- 
tion is reduced. These findings are presented in Fig. 3. 

In order to minimize the destructive action of the alkaline 
reagent upon the vitamin, tests were conducted at 0-5® with all 
solutions initially chilled to this temperature range. Only 70 
per cent recoveries were obtained after a 24 hour reaction period, 
probably owing to a decrease in the velocity of the chemical reac- 
tion. Attempts to make a reagent containing the diazonium 








Volume of 

ITL 




■ 

r 

n 








1^ 

Sufic 




■ 

III 

IR 







1 

■ 

■ 

m 






5 

m 

■ 

pM of Vlfi 

Am}o 5olufion«7.0 

■ 

■ 

m 


■ 




■ 

■ 

■ 

L.K«micol Keojanf 

Tiine of ReocfVon - 
X^lonc E^fr«cffon«2cc. 


■ 

■ 

m 


m 

a 



■ 

■ 

■ 


■ 

■ 

m 


m 

■ 


||||■| 








i 

■ 



■ 

■ 









■ 


M 















^ 

Ci 

■ 

H 





■ 

■ 



i 

I 

■ 

■ 

■ 

R 

m 



M 

■ 

■ 



i 

■ 



i 

E 

■ 

■ 

8 

m 

i 

■ 

■ 

M 

■ 










■ 

Q 


L_ 


■ 

■ 

H 

■ 


■ 

■ 

■ 

■ 

■ 

■ 

— 

_ 

/ /« 15 h 




— 

"l*) Vo^lues 


Values 1 


Fig. 2. Influence of variations in volume of the thiamine solution upon 
the reaction between thiamine and diazotized p-aminoacetophenone. A 
total of 100 micrograms of thiamine chloride was used in each test. 

salt of p-aminoacetophenone in a less alkaline solution were un- 
satisfactory. 

We have preferred to use the proportion of 2 parts of the reagent 
to 1 part of the vitamin solution because tests on biological ma- 
terials have indicated that other substances are always present 
in the final test solutions, which also react with the reagent, 
so that an excess of reagent is desirable. 

Influence of pH upon Reaction — In the reaction between diazo- 
tized p-aminoacetophenone in alkaline solution and thiamine the 
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initial hydrogen ion concentration of the latter solution was 
found to exert a profound effect upon the percentage recovery of 
the vitamin derivative. In the investigation of this problem 142 
tests were conducted. The most significant series of these deter- 
minations is presented in Fig. 4. Pure aqueous solutions of the 
vitamin, containing in all cases 100 micrograms of thiamine 
chloride but varying amounts of acid or alkali, were tested. All 
other factors influencing the reaction were maintained constant. 



Fig. 3. Effect of varying quantities of the reagent upon the reaction 
between thiamine and diazotized p-aminoacetophenone. A total of 100 
micrograms of thiamine chloride was used in each test. 


Examination of Fig. 4 indicates that, as the acidity of the vitamin 
solution is decreased, greater recoveries of the vitamin derivative 
are obtained. For maximal and constant recoveries it is neces- 
sary to neutralize to a point just alkaline to litmus and to follow 
this immediately with the addition of the reagent. If the solu- 
tion is made too alkaline, losses as large as 10 per cent may occur 
despite the immediate addition of the reagent. The variable 
results obtained on the alkaline side are probably due not to any 
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efifect of pH upon the reaction but to a destruction of the thiamine; 
such an interpretation is indicated in Fig. 4 by the broken line. 

Reproducibility of Method — In all cases the volume of the thi- 
amine solutions was 10 cc., the reaction was neutral to litmus, 
20 cc. of the reagent were added, and after a 24 hour reaction 
period at room temperature the vitamin derivative was extracted 
by xylene. The results of this study are summarized in Table I. 



Fig. 4. Influence of pH upon the reaction between thiamine and diazo- 
tized p-aminoacetophenone. A total of 100 micrograms of thiamine chloride 
was used in each test. The variable results on the alkaline side (broken 
line) are probably not due to any effect of pH upon the reaction, but to a de- 
struction of the thiamine. 

In this series the maximal deviation from the average is db4 per 
cent, with the average deviation ±2 per cent. The greatest 
differences are found in the tests conducted with the solutions 
QQntaining 5 micrograms of thiamine chloride per cc. This con- 
c^tration of the vitamin represents the lower limits of the sensi- 
tivity of the method for accurate analyses without the modifica- 
tions to be described (24). 

IfUensity of Color Obtained As an Index of Thiamine Concent 
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tration — With the solutions described in Table I as standards for 
comparison, tests were conducted under the standardized condi- 
tions given above to determine the vitamin concentrations in 
solutions ranging from 0.4 to 2.0 times the standard. Table II 
presents the results of the study. The curves, obtained with the 


Table I 

Reproducibility of Chemical Method for Determination of Thiamine 


Thiamine concen- 
tration 

No. of determinations 

Deviation from average 

Maximal 

Average 

micrograma per ec. 


per cent 

per cent 

5 

12 

±6 

d=3.5 

10 

12 

±3 

=bl.5 

20 

12 

=b3 

dt2 

40 

12 

=b4 

±1.5 

80 

12 

=h3 

±2 

Average 

±4 

±2 


Table II 

Chemical Determination of Thiamine Concentration in Solutions Ranging 
from 0.4 to 2.0 Times the Standard 


Ratio of thiamine concentration in sample to standard solution 


Thiamine 
concentration 
in standard 

0.40 1 

0.60 1 

i 0.80 

1.00 1 

1.20 

1.40 

1 

1 1.80 

2.00 

Colorimetric readings* 

mierograma per 
ec. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

1 

mm. 

1 

mm. 

10 

59.0 

33.6 

25.1 

19.8 

16.7 

14.1 

12.2 

11.0 

9.9 

20 

49.0 

34.2 

24.9 

19.9 

17.0 

13.9 

11.7 

10.7 

9.6 

40 

54.0 

36.8 

25.9 

19.7 

16.7 

13.4 

11.7 

9.7 

8.8 

80 

65.2 

38.4 

26.4 

20.4 

15.9 

12.6 

10.7 1 

8.6 

7.5 

Theoretical 

50.0 

33.3 

25.0 

20.0 

16.7 

14.3 

12.5 

11.1 

10.0 


* Standard solutions of the vitamin derivative in xylene set at 20 mm. 


10 and 20 micrograms per cc, solutions as the standards, show 
good agreement with the thoretical values. With the 40 and 80 
micrograms per cc. solutions as standards, discrepancies occur 
which become greater as the differences between sample and 
standard increase. However, in all of these tests such disagree- 
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ment does not indicate errors in the observed values, because of 
the excellent reproducibility of the individual determinations. 
It indicates that, for estimating the thiamine concentration by 
this method without the modifications to be described (24), it is 
essential to have available a previously determined reference 
curve bracketing the value obtained. 

SUMMARY 

The characteristics of the reaction between thiamine in pure 
aqueous solution and diazotized p-aminoacetophenone with re- 
spect to specificity, time for completion of the reaction, influence 
of variations in volume and pH of the solutions, reproducibility, 
and applicability to the quantitative determination of the vitamin 
concentration were studied. Xylene was found to be a selective 
solvent for the quantitative extraction of the reaction product. 
With the use of xylene, the reaction is specific for thiamine and 
with controlled conditions may be used for the quantitative de- 
termination of it in pure aqueous solution. 
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CHEMICAL DETERMINATION OF VITAMIN Bi 


11. METHOD FOR ESTIMATION OF THE THIAMINE CONTENT 
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p-AMINOACETOPHENONE REAGENT 

By DANIEL MELNICK* and HENRY FIELD, Jr. 

(From the Department of Internal Medicine, Medical School, University of 
Michigan, Ann Arbor) 
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In Paper I (1) the reaction between thiamine in pure aqueous 
solution and diazotized p-aminoacetophenone (2) was investigated 
and found to be suitable as the basis of a chemical method for 
the determination of the vitamin. For the application of the 
reaction to analyses of biological materials, it is first necessary 
to concentrate the thiamine into a small enough volume so as to 
be within the limits of sensitivity of the method. This in itself 
presents little difficulty but the problem was found to be com- 
plicated by the fact that various impurities in solutions of thiamine 
completely inhibit the reaction. It was necessary either to 
modify the reaction so that it would not be subject to such in- 
hibition or to devise methods for preparing concentrates which 
would eliminate the interfering substances from the solution to 
be tested. Both of these requirements have been satisfied to 
such an extent that accurate determinations of thiamine in 
biological materials are possible, with the diazotized p-amino- 
acetophenone reagent. 


EXPERIMENTAL 

Advantages of Conducting the Reaction in Presence of Phenol 
and Ethyl Alcohol — In studies involving the use of phenol for 
extracting the vitamin from saturated salt solutions recoveries 
greater than 100 per cent were consistently obtained owing to 
the presence of traces of ethyl alcohol or of phenol, which escaped 

• Upjohn Fellow in Clinical Research, 1937-89. 
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ether extraction, in the final concentrates. Other organic hy- 
droxy compounds such as methanol, benzyl alcohol, and pH 
indicators also increase the sensitivity of the reaction. 

In order to investigate the behavior of phenol in this respect, 
a series of determinations was made in which varying amounts 
of phenol were added to the vitamin solutions, each 10 cc. in 
volume and containing a total of 100 micrograms of thiamine 
chloride. No phenol was added to the standard solution. The 
procedure used in testing for the vitamin was the same as that 
described in our experiments conducted with pure aqueous 
solutions of thiamine (1). Although phenol, like some other 
organic compounds, reacts with the reagent to yield a colored 
solution, only the red pigment due to the vitamin derivative is 
extracted by the xylene. The results of these determinations are 
presented in Fig. 1, A. 

It is apparent from the curve in Fig. 1, A that small quantities 
of phenol increase greatly the sensitivity of the reaction but with 
larger amounts of phenol the intensity of the color in the xylene 
layer becomes relatively constant. In the presence of very large 
amounts of phenol (300 mg. or more) the reaction fails unless 
larger quantities of the reagent are used. 

Ethyl alcohol used in place of phenol affects the reaction 
similarly. When both phenol and alcohol were used, there was 
an increase in the intensity of the color in the xylene layer ap- 
preciably greater than that observed when the reaction was 
conducted in the presence of either of these substances alone. 
Fig. 1, B illustrates these findings. 

With appropriate quantities of phenol (50 mg.) and ethyl 
alcohol (equal in volume to that of the thiamine solution), results 
in close agreement with the theoretical values were obtained in 
tests conducted with solutions ranging from 0.4 to 5 times the 
standard, in this case also the 10 micrograms per cc. solution of 
thiamine chloride. For amounts more than 2 times the standard, 
greater quantities of xylene were used in order to obtain solutions 
the color intensities of which were comparable to the standard. 
Without the phenol and alcohol it had previously (1) been neces- 
sary to employ a standard more closely approximating the test 
solution in concentration, and in some cases a previously deter- 
mined reference curve had to be used in order to obtain the 
true value. 
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Fig. 1. Use of phenol {A) and ethanol (J5) to increase the sensitivity of 
the reaction for the chemical determination of thiamine. A total of 100 
micrograms of thiamine chloride was used in each test. In B the crosses 
represent values obtained with varying amounts of ethanol alone; the 
circles, values obtained with 50 mg. of phenol present in each case in addi- 
tion to the ethanol. 
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Because of the increased pigment production in the presence of 
phenol and alcohol, it became possible, by using three-tenths quan- 
tities of test solution and reagent but the same volume of xylene, 
to determine accurately smaller quantities of the vitamin, as little 
as a total of 10 micrograms of thiamine chloride. Quantities as 
small as 5 micrograms may be estimated with the average error 
not exceeding =bl0 per cent. 

It was also found that the presence of phenol and alcohol made 
possible quantitative analyses of solutions containing substances 
which otherwise would inhibit the reaction. 100 per cent re- 
coveries of the vitamin from concentrated salt solutions became 
possible, permitting the use of such solutions for elution from 
permutit without subsequently separating the vitamin from the 
salts as had previously been necessary. The advantage of the 
use of both phenol and alcohol and a larger volume of alcohol 
than that which had been previously observed to be optimal 
(one-fourth of the vitamin solution) in tests on pure aqueous 
solutions is indicated in Table I. 

The presence of phenol and alcohol has the further advantage 
that effects of traces of substances in the final solution which 
would have a similar action are no longer apparent. Thus, it 
makes possible the use of an inside indicator for the adjustment 
of the pH of the thiamine solution before the addition of the 
reagent. (Thymol blue has proved satisfactory for this purpose, 
the color due to the indicator not being extracted by xylene.) 
It has also been found to minimize errors (1) due to deviation 
from standard conditions, such as variations in volume of the 
vitamin solution or reagent, and to exert an appreciable protective 
effect on the vitamin in solutions alkaline to litmus. 

Use of Adsorption and Elution Technique for Preparation of 
Thiamine Concentrates — For the preparation of suitable test 
solutions from biological materials various methods of extraction, 
adsorption, and elution were tried. Lloyd^s reagent was not 
satisfactory, since eluates (3, 4) from it contained unknown inter- 
fering substancs. Repeated extractions of the Lloyd^s reagent 
with the eluting solution (4) did not remove entirely these inter- 
fering substances. 

Synthetic zeolite (permutit), first used by Cerecedo and Hen- 
nessy as an adsorbent for vitamin Bi (6), was found to be more 
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suitable. These authors later employed a hot 25 per cent KCl 
solution in order to elute the vitamin from the zeolite ( 6 ). Rather 
than a simple KCl solution, we have used one acidified with 
H 2 SO 4 to pH 2 for the elution procedure. When the salt solution 
at pH 7 was employed, recoveries of from 90 to 95 per cent of 
the theoretical values were obtained. This, we believe, is due 
to the lability of the vitamin to heat even at pH 7. The successful 


Tablb I 

Use of Phenol and Ethanol to Allow Quantitative Determination of Thia^ 
mine Content of Concentrated Salt Solutions 


Salt present 

i Concentration 
of salt* 

Concentration 
of phenol* 

Ethanol 

added* 

Pereentace 
recovery of 
thiaminet 

Na2S04 

gm. per esnt . 

?o 

mg. per cent 

0 

None 

40 

NaCl 

20 

0 

it 

42 

KCl 

25 

0 

ft 

65 

Na2S04 

20 

5 

ft 

77 

NaCl 

20 

6 

ft 

83 

KCl 

26 

5 

ft 

1 85 

1 

NaiSOi 

20 

0 ! 

Equal volume 

1 

91 

NaCl 

20 

0 1 

ft ft 

94 

KCl 

26 

0 

ft ft 

88 

li 

26 

0 

0.25 volume 

48 

a 

26 

0 

0.26 

45 

Naj|S04 

20 

6 

Equal volume 

100 

NaCl 

20 

5 

ff ft 

102 

KCl 

25 

6 

ft ft 

98 


* These substances were added to the thiamine solution before the 


reagent. 

t Each of the solutions contained 100 micrograms of thiamine chloride. 

elution of thiamine by 3.5 n H 2 SO 4 (7) indicates that zeolite 
holds the vitamin by adsorption rather than by a base exchange 
as suggested by others (5, 6 , 8 ). Obviously, a strong acid solution 
cannot enter into a base-trading reaction. We have therefore 
continued to refer to the procedure with zeolite for the prepara- 
tion of thiamine concentrates as adsorption and subsequent 
elution. Supporting evidence for this view is found in Paper III 
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(9) dealing with the behavior of aqueous solutions of the phos- 
phoric esters of thiamine when subjected to the same adsorption 
and elution procedures. 

The limiting factor in the method for the chemical deter- 
mination of thiamine appears to be the efficiency of the zeolite 
adsorption. The presence of salts, non-aqueous solvents, and 
large concentrations of other organic material prevents quantita- 
tive adsorption of thiamine. Only 65 per cent recoveries of the 
vitamin were obtained by adsorption and elution when the thi- 
amine solutions (100 cc.) contained NaCl in amounts comparable 
to an equal volume of urine and buffered to yield a similar titrat- 
able acidity. In the presence of large amounts of ethyl alcohol, 
acetone, or phenol the recoveries were exceedingly small. Hence, 
it is necessary that the vitamin extract be as free as possible 
from substances which interfere with the adsorption. 

Methods for Quantitative Extraction of the Vitamin from Bio- 
logical Materials — Since thiamine exists in biological materials 
both in the free state and as the phosphoric esters (10, 11), a 
method by which both forms can be extracted is desirable, A 
simple aqueous extraction is preferable if the resulting solution 
allows quantitative adsorption of the vitamin. Aqueous and 
80 per cent methyl alcohol solutions are capable of extracting 
both forms of the vitamin from biological materials. 

The 80 per cent methanol solution is a more selective solvent, 
since it eliminates considerable amounts of salts and organic 
material from the final solution. However, because zeolite will 
not adequately adsorb thiamine from such a solution, the alcohol 
must be removed by in vacuo distillation. In some cases a con- 
siderable amount of extracted lipids may come out of solution 
during the alcohol distillation, necessitating an additional ether 
extraction in order to yield a suitable concentrate. 

Of the water-immiscible solvents investigated by Greene and 
Black, benzyh alcohol and phenol proved to be the most satis- 
factory (12). They report that the distribution coefficient of the 
vitamin between solvent and water is markedly increased by 
the saturation of the aqueous phase with NaCl. Inasmuch as 
ethyl alcohol precipitates cocarboxylase from aqueous solution,^ 

1 Personal communication from Dr. Joseph L. Melnick and Dr. Kurt G. 
Stern of the Laboratory of Physiological Chemistry, Yale University, 
New Haven. 
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we believe that these solvents also are unable to extract phos- 
phorylated thiamine from biological materials. To use such 
solvents, a preliminary conversion of cocarboxylase to thiamine 
is probably essential. 

Phenol (88 per cent solution) has an extremely high solvent 
action for the vitamin. However, recovery of the thiamine from 
the phenol solution, where it is apparently combined as a phenol- 
ate, requires a laborious procedure (13). 

Benzyl alcohol is a more selective solvent for thiamine than 
phenol. Salts are practically insoluble in it and many organic 
compounds soluble in phenol are not extracted. The vitamin 
may be recovered from the alcohol phase by adding acidulated 
(pH 3 to 4) water and an excess of ether (5 volumes). In vacuo 
distillation will remove all dissolved ether from the separated 
aqueous phase. 

Chemical Determination of Thiamine in Biological Materials — In 
the present study analyses of rice polish, wheat germ, yeast, and 
liver preparations were carried out. With the first three sub- 
stances, low in salt relative to the vitamin content, simple aqueous 
extraction yields solutions suitable for adsorption on permutit. 
A sample sufficient to yield an extract containing approximately 
150 micrograms of thiamine is taken for analysis. 20 to 30 parts 
of water at 70® are added to the material previously ground to a 
powder, the pH is adjusted to 4.5, and the extraction allowed to 
proceed for 30 minutes under an atmosphere of nitrogen with the 
water bath at 70-72®^ and with mechanical stirring. The sus- 
pension is centrifuged and the pooled extract and washings 
subjected to zeolite adsorption. 80 per cent methyl alcohol is 
equally efficient for the extraction. The same procedure may 
be followed when this solvent is used. An extraction period of 
10 minutes is satisfactory. 

These extraction methods cannot be employed in the analyses 
of all types of biological materials because the resulting solutions 
may contain other substances which prevent quantitative ad- 
sorption of the vitamin by the zeolite. In analyses of a liver 

• Dr. Harold Levine of the Premier-Pabst Corporation, Milwaukee, has 
used a similar procedure for the quantitative extraction of thiamine from 
yeast powder. We are indebted to him for a number of helpful suggestions 
and also for supplying us with several yeast preparations used in the course 
of this investigation. 
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extract powder* theoretical recoveries of added thiamine wer^ 
obtained only by use of benzyl alcohol. The material is dissolved 
in a minimal quantity of water, Na 2 S 04 added to saturation, and 
the solution concentrated in vacuo to a syrup. Benzyl alcohol is 
then added and the concentration continued until no aqueous 
phase remains. The vitamin is recovered from the pooled 
alcoholic extract and washings by the procedure described in the 
preceding section. The benzyl alcohol method for the extraction 
of thiamine has also been applied to analyses of urine with good re- 
sults, although the procedure requires further standardization. 

The thiamine solution, free from organic solvents, is subjected 
to zeolite adsorption and subsequent elution. 

The method, by which consistently excellent results are obtained, 
is described below. The essential features of the apparatus used 
are shown in Fig. 2. A large batch (3 to 5 pounds) of the zeo- 
lite^ is first treated according to the directions of Cerecedo and 
Kaszuba (14) in order to remove free alkali. The material is 
then washed by suspending it successively five times in distilled 
water, three times in 95 per cent ethyl alcohol, once in acetone, and 
finally twice in anhydrous ether. The material is filtered, dried at 
50°, and stored in bottles for future use. Exactly 3 gm. of the 
purified zeolite are poured into the filter tube (8 mm. inside 
diameter) on top of the glass wool pad. This gives a filtering 
column about 4 inches in height. Inasmuch as the same permutit 
filter is used repeatedly after KCl elution, except in the first 
instance, the zeolite is first prepared by running through it 30 cc. 
of a 25 per cent solution of KCl, adjusted to pH 2 and heated by 
the steam jacket. With the suction continued, the above is 
followed by a washing with 500 cc. of hot distilled water. The 
flow of steam is stopped and the filtering chamber opened to the 
nitrogen reservoir (a large rubber balloon) in order to fill the 
system with the inert gas. The vitamin solution at pH 4.5 
(preferably non-buffered) is added to the graduate and passed by 
way of the siphon into the filtering column. With the suction now 
turned off and the apparatus open to the atmosphere at both top 
(A) and bottom {B) the gravity filtration is allowed to proceed at 

* Kindly furnished by Eli Lilly and Company, Indianapolis. 

* Decalso, approximately 60 mesh, kindly furnished by the Permutit 
Company, New York. 
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Fio. 2. Apparatus used for both quantitative adsorption of thiamine by 
seoHte and subsequent quantitative elution. The letters are explained 
in the text. 
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room temperature. The rate of filtration is approximately 10 cc. 
per minute. As soon as all of the vitamin solution is drawn into 
the siphon, 30 cc. of water at pH 4.5 are added to the graduate. 
This is then permitted to run into the siphon separated from the 
vitamin solution by a bubble of air until all of the vitamin solution 
is in the filter column. With the wash solution in position for 
use, the system is opened to the nitrogen reservoir and suction 
applied to hasten the filtration of the remaining vitamin solution 
through the zeolite column. The system is then opened to the 
atmosphere as before and with steam passing through the glass 
jacket, the wash solution is allowed to flow into the filtering 
column. The graduate is then replaced by test-tube D containing 
10.0 cc. of the acidulated KCl solution. By using the same pro- 
cedure described above this solution is siphoned into position for 
the subsequent elution of the vitamin. The wash solution, now 
heated, is then rapidly and completely drawn through the zeolite 
with suction applied at one end (E) and with the other open to the 
nitrogen reservoir. This solution serves the dual purposes of 
washing out any of the remaining vitamin solution and also raising 
the temperature of the zeolite filter to one optimal for elution. 
With the system again opened to the atmosphere and with the 
graduated tube (F) held in position (G) by the glass supports, 
the salt solution is siphoned very slowly through the steam 
jacket until all of it has been added. At first pressure from 
the nitrogen reservoir alone is used, but suction is applied at 
the very end to draw out all of the salt solution. The tempera- 
ture of the permutit filter during the elution is about 65®. The 
eluate is caught in the tube (F) and brought to the 10 cc. mark. 
The permutit filter is washed with 0.5 liter of hot, distilled water 
and is then ready for another analysis. The entire procedure 
takes about 20 minutes. 

3 cc. of the eluate are pipetted into a 50 cc. centrifuge bottle. 
This is followed by the addition of an equal volume of a 95 per 
cent ethyl alcohol solution containing 5 mg. of phenol per cc. 
1 drop of the thymol blue indicator is added. While a fine stream 
of nitrogen gas is bubbled through the solution, a 1 n NaOH 
solution is added dropwise until a faint but positive blue color 
appears. 6 cc. of the Prebluda-McCollum reagent (2) are then 
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added. The bottle is stoppered^ and allowed to stand overnight 
at room temperature. 2 cc. of xylene are then added and the 
mixture shaken vigorously for minutes. After centrifugation 
the color in the xylene layer is compared in a microcolorimeter 
with a standard similarly treated. Only the color of the vitamin 
derivative is extracted, the aqueous phase retaining the colors due 
to the pH indicator, the phenolic derivative, and any other sub- 
stance present reacting with the reagent to yield colored products. 
For the standard solution 0.5 cc. of a solution containing 
60 micrograms of thiamine chloride is added to a 2.5 cc. 
aliquot of a blank KCl eluate (10 cc.). The blank is es- 
sential, not owing to any lack of specificity, but because the 
amount of pigment recovered from permutit eluates may vary 
from 86 to 95 per cent of the theoretical. The percentage re- 
coveries are consistent for eluates from the same permutit filter. 

A series of tests with both the permutit adsorption and elution 
technique and the phenol-ethanol modification of the chemical 
method for the determination of thiamine has indicated that 
consistently excellent results are yielded by the procedure. 
One individual may carry out as many as ten complete deter- 
minations in an 8 hour day with the chemical tests on the eluates 
run in duplicate. It is advisable to save all the eluates and then 
set up the tests as one series with one standard for comparison. 
A typical series of determinations with these procedures in 
tests conducted on pure aqueous solutions of thiamine chloride 
is presented in Table II. All of the tests were conducted with 
the same permutit filter and with one standard for comparison 
containing the vitamin dissolved in a blank zeolite eluate, as 
described. In the case of the more concentrated thiamine solu- 
tion (200 micrograms per 3 cc. aliquot) only 50 micrograms were 
added to the aliquot, because the total amount present, 250 
micrograms, represents the maximal content of thiamine chloride 
that can be determined by 6 cc. of the reagent under these con- 
ditions of experimentation. Thus, by the use of 6 cc. of reagent 
with 3 cc. of a zeolite eluate, containing a total of from 10 to 
250 micrograms of thiamine chloride, quantitative results are 
yielded when the reaction is carried out in the presence of phenol 

• Cork stoppers are used. 
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and ethyl alcohol. When more than 260 micrograms of the vita- 
min are present, it is necessary to add more reagent or, as we 
prefer to do, dilute the solution in order to reduce the thiamine 
concentration below the maximal limit of the test. 

When tests are conducted on the KCl eluates from zeolite, an 
appreciable precipitate of previously dissolved permutit appears. 
This precipitate does not affect the accuracy of the method when 
pure aqueous solutions of thiamine chloride are used. However, 
in tests conducted with extracts of biological materials a con- 
siderable amount of red pigment (the vitamin derivative) adheres 

Table II 


Use of Adsorption on Zeolite and Subsequent Elution As a Means for 
Preparing Thiamine Concentrates: Recovery Experiments 


Total 
thiamine 
in 100 cc. 

KCl eluate 

Aliquot 

tested 

Theoretical values 

Total 

thiamine 

found 

Percentage 

recovery 

Thiamine in 
aliquot 

Thiamine 
added to 
aliquot 

microgram* 

cc. 

cc. 

microgram* 

microgram* 

microgram* 


34 

10 

3 

10 

0 

10 

100 





10 

20 

100 

84 

10 

3 

26 

0 

25 1 

100 





25 

49 1 

96 

167 

10 

3 

50 

0 

49 

98 





50 

98 

98 

334 

10 

3 

100 

0 

106 

106 





100 

200 

94 

667 

10 

3 

200 

0 

194 

97 





50 

246 

104 


to the permutit and resists xylene extraction despite the alkaline 
pH of the solution. A strong acid solution dissolves the pre- 
cipitate, allowing the xylene to extract all of the vitamin deriva- 
tive. In addition other colored compounds resulting from 
the reaction between substances in solution (including the phenol) 
and the diazonium salt are now also extracted by xylene from the 
acidified aqueous phase. However, on addition of an equivalent 
amount of alkali these other colored substances return to the 
aqueous phase and the permutit precipitate forms again, but the 
xylene this time retains quantitatively all of the color due to the 
vitamin derivative. After the KCl eluate has been allowed to 
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react with the reagent in the presence of phenol and ethyl alcohol, 
the major portion of the vitamin derivative is extracted by the 
xylene. 5 cc. of 20 per cent H 2 SO 4 solution* are then added and 
the bottles stoppered tightly (since CO 2 is liberated) and shaken 
for 15 to 20 seconds. After the addition of 10 cc. of 15 per cent 
NaOH solution, the shaking is repeated for another period of 15 
to 20 seconds. The color in the xylene layer is then compared 
with a standard similarly treated. This modification does not 
lengthen appreciably the time required for the determinations. 
This procedure has no destructive effect on the vitamin derivative. 
Experiments with thiamine chloride, dissolved in blank KCl 
eluates of zeolite, gave the same results before and after the 
acidification-alkalization procedure. For the calculation of the 
vitamin concentration of the solution tested, no previously deter- 
mined reference curve need be used, since in all cases the intensity 
of the color in the xylene layer varies directly as the original 
thiamine concentration. 

Another difficulty, encountered in applying the reaction to 
assays of biological material, was the presence of other substances 
in the KCl eluates which at times exerted an appreciable in- 
hibitory effect upon the chemical reaction. Thus, recoveries as 
low as 80 per cent were frequently found, whereas with pure 
aqueous solutions theoretical values were consistently obtained. 
However, the proper correction factor may be obtained and 
applied to give the true value for the thiamine present by deter- 
mining the percentage recovery of an increment of thiamine 
chloride (50 micrograms) added to an aliquot of the zeolite 
eluate tested. 

The procedures described have been used to determine the 
thiamine content of biological materials. Table III presents the 
results of these tests. The series of values obtained in the analyses 
of the aqueous concentrate of rich polish (Sample I) gives some 
index of the reproducibility of the results. Both the aqueous 
extraction method and method of extraction with 80 per cent 
methanol were used in a number of cases to prepare solutions 
suitable for the subsequent adsorption procedure. The close 
agreement between the values obtained for the initial thiamine con- 

• 20 cc. of concentrated H»S 04 (ep. gr. 1.84) diluted with distilled water 
to 100 cc. 
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centration in each case suggests that the vitamin can be quantita- 
tively extracted by both procedures from the materials tested. In 


Table III 

Chemical Determination of Thiamine in Biological Materials 


Sam- 

ple 

Deecription of preparation 

Method of 
extraction 

Chemioa] 

Thiamine 

initially 

present * 

lauay 

Percent- 
age re* 
covcry of 
added 
thi- 
amine* 




mxcrogranut 





per gm. 


A 

Dried yeast powder 

Aqueous 

40 


99 



80% CH,OH 

38 


103 

B 

tt ii ti 

Aqueous 

37 


100 



80% CH3OH 

38 


98 

c 

ti ii (( 

Aqueous 

45 


96 



80% CH3OH 

44 


103 

D 

Artificially sweetened, concen- 

Aqueous 

29.5 

104 


trated aqueous extract of yeast 

80% CH,OH 

30 

.5 

105 

E 

Dehydrated yeast and liver con- 

Aqueous 

64 


99 


centrate 

80% CH3OH 

63 


105 

F 

50% C2H6OH extract of yeast 


1.6 

102 


powder 





G 

Aqueous extract of yeast powder 


3.9 1 

106 


with CHCI3 as preservative 





H 

< < < ( 


12.5 

99 

I 

Aqueous concentrate of rice 


2131 




polish 


202 






200 






200 

202 

98 




192 i 






203J 



J 

Wheat germ powder 

Aqueous 

27 


104 



80% CH,OH 

27.5 

97 

K 

Liver extract powder 

Benzyl alcohol 

12.5 

101 

Average recovery of added thiamine chloride 



101 


** deviation 




zb3 


* Corrected for the presence of interfering substances in the final test 
solution according to the method described in the text. 

the case of Solutions G and H, the chloroform was first removed 
by in vacuo distillation. The 50 per cent ethyl alcohol extract (Sam- 
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pie F) was treated exactly in the same manner as the methanol solu- 
tions. The most significant column in Table III is that dealing with 
the percentage recovery of added thiamine chloride (100 micro- 
grams added in each case). Theoretical values are consistently 
obtained. In the series reported the average recovery value is 
101 per cent with an average deviation of ±3 per cent. 

Specificity of the Method for Chemical Determinaiion of Thiamine 
in Biological Materials — ^When the thiamine and other sub- 
stances in the KCl eluates from the zeolite filter are allowed to 
react With the reagent in the presence of phenol and ethyl alcohol, 
the colors developed are masked by that due to the pH indicator 
and to the phenolic derivative formed. Only the color resulting 
from the reaction between the vitamin and the diazonium salt 
is extracted by xylene. When the reaction is conducted in the 
presence of ethyl alcohol alone and use made of an outside pH 
indicator, other substances are found to be present which react 
with the reagent to yield pigments varjdng in color from pale 
yellow to orange. These compounds are not extracted by the 
xylene. In all of the tests reported in the present paper, and also 
in unpublished analyses of urine, aliquots of the KCl eluates 
were tested to determine whether the material responsible for the 
red color in the xylene layer is labile to alkali and heat as thiamine 
itself. When these solutions were adjusted to pH 13 and then 
heated in a water bath at 100° for 5 minutes, there was a decrease 
in intensity of the color extractable by xylene from 50 to 70 per 
cent of that initially present. Autoclaving these solutions at 15 
pounds pressure for 16 hours at the same alkaline pH resulted in 
a complete disappearance of all color extractable by xylene. 
When the reaction was conducted in the presence of ethyl alcohol 
alone, the aqueous phase still showed the same colors, the intensities 
of which were comparable to those observed before the heat 
and alkali treatment. Control tests in which thiamine was added 
to other samples, treated similarly but now neutralized, indicated 
that the disappearance of color previously noted was due to a 
destruction of the compound responsible for the color and not to 
an inhibition of the reaction because of the production of inter- 
fering substances by the heat treatment. 

In the present report no attempt was made to compare with 
the bioassay values the results obtained by chemical analyses. 
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In addition to the limitations of the biological assay (16) only 
free and not total thiamine (9) is determined by the method de- 
scribed, so that discrepancies should occur for this reason alone 
between the values obtained by these two methods. The chemical 
determination of phosphorylated thiamine, which is also bio- 
logically active (10), is discussed in Paper III (9). 

SUMMARY 

The chemical reaction between diazotized p-aminoacetophenone 
in alkaline solution and thiamine has been successfully applied 
to the determination of the thiamine concentration in extracts 
of rice polish, wheat germ, yeast, and liver. The method involves 
the quantitative extraction of the vitamin from biological mate- 
rials, selective concentration of the vitamin by means of zeolite 
adsorption and subsequent elution, and estimation of the thiamine 
concentration by a modification of the chemical reaction allowing 
accurate analyses despite the presence of substances which 
formerly interfered with the reaction. The method is specific 
for free thiamine. The vitamin in the phosphorylated form is not 
determined. 
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CHEMICAL DETERMINATION OF VITAMIN Bi 

in. QUANTITATIVE ENZYMIC CONVERSION OF COCARBOXYLASE 
(THIAMINE PYROPHOSPHATE) TO THE FREE VITAMIN 

By DANIEL MELNICK* and HENRY FIELD, Jr. 

(From the Department of Internal Medicine, Medical School, University of 
Michigan, Ann Arbor) 

(Received for publication, November 14, 1938) 

In Papers I and II (1, 2) the reaction between thiamine and 
diazotized p-aminoacetophenone in alkaline solution (3) was 
studied and a method of applying it to biological materials was 
described. Recently Lohmann and Schuster (4) reported that 
thiamine may exist in nature as the pyrophosphoric ester to 
constitute cocarboxylase, the coenzyme of carboxylase. Co- 
carboxylase has biological activity corresponding to free thiamine 
(4). It will be shown that in yeast as much as 75 per cent of the 
vitamin may be in the esterified form. Preliminary tests con- 
ducted with the phosphoric esters of thiamine^ indicated that these 
compounds react with the diazonium salt to yield colored solutions 
(orange to pink). The pigments of such solutions, however, are 
not extracted by xylene, but remain in the aqueous phase.® Since 
in this chemical method the intensity of pigment in the xylene 
layer only is determined, the total thiamine content cannot be 
estimated unless a quantitative hydrolysis of the esterified forms 

* Upjohn Fellow in Clinical Research, 1937-39. 

1 We are indebted to Dr, Joseph L. Melnick and Dr. Kurt G. Stern of the 
Laboratory of Physiological Chemistry, Yale University, for supplying us 
with synthetic preparations of these compounds. The cocarboxylase was 
in aqueous solution containing in addition some of the monophosphate and 
unchanged thiamine chloride. The monophosphate was supplied as the 
crystalline product. 

* These colors cannot be observed unless the reaction is carried out in 
the presence of ethanol alone. When phenol also is used to increase the 
sensitivity of the reaction, these colors are masked by that due to the 
phenolic derivative. 
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to free thiamine is fibrst carried out. This step is essential. A 
number of workers (5-7) have reported that, likewise, in the thio- 
chrome method for determining thiamine, the cocarboxylase 
forms a thiochrome but that it is not extracted by isobutanol and 
hence cannot be estimated (6, 8). 

Cocarboxylase may be hydrolyzed to thiamine monophosphate 
by 1 N HCI solution (4) but the latter is resistant to acid hydrol- 
ysis. Alkaline hydrolysis will completely remove the second 
phosphoric acid grouping but is impractical for analytical purposes 
because of concomitant destruction of thiamine. Kidney phos- 
phatase (4, 7, 9) has been used as means for hydrolyzing the 
coenzyme to the free vitamin. However, with such a preparation 
the conversion has not been shown to be quantitative. Recently 
a more efficient procedure was reported by Kinnersley and Peters 
(10) who made use of a taka-phosphatase preparation for the 
hydrolysis of the esterified vitamin. The application of their 
method to quantitative analyses of biological materials for their 
total thiamine content was not attempted. 

During the autolysis of yeast complete disappearance of co- 
carboxylase activity has been reported (11). Bacterial con- 
tamination likewise has been found to cause destruction of cocar- 
boxylase (12). A complete hydrolysis of thiamine pyrophosphate 
(cocarboxylase) to free thiamine also would be associated with a 
disappearance of cocarboxylase activity. However, such a change 
was not demonstrated by either of these two investigators (11, 12), 
inasmuch as no attempts were made to identify any of the end- 
products resulting from the destruction of the coenzyme. In 
the present paper the quantitative enzymic conversion of phos- 
phorylated thiamine to the free vitamin is described so that the 
method is applicable to the determination of the total thiamine 
content. By difference between the thiamine values, obtained 
before and after hydrolysis, the concentration of the vitamin in 
the phosphorylated form may also be estimated.* 

EXPERIMENTAL 

Tests with Pure Aqueous Solutions of Cocarbozylase and the 
Monophosphoric Ester of Thiamine — That the phosphoric esters 
of thiamine react with the diazonium salt to yield pigments wliich 

• A preliminary report of these studies has appeared elsewhere (13). 
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are not extracted by xylene has been described. These thiamine 
derivatives are adsorbed by zeolite but are not eluted by 25 per 
cent KCl or by 3.5 n H 2 SO 4 . When solutions of these esters are 
passed through the zeolite filter and the filtrates and eluates 
subjected to analyses, no color reactions are obtained. That this 
finding is not due to the presence of interfering substances is 
shown by positive tests after the esters are added to these solu- 
tions. This is not in accord with the conception that zeolite 
operates only through the mechanism of base trading (7, 14). 
For this reason and because of observations previously described 
(2) we prefer to use the terms adsorption and elution in referring 
to the use of zeolite for the preparation of vitamin concentrates 
suitable for analyses. 

Proof of Enzymic Conversion of Phosphorylated Thiamine to the 
Free Vitamin during Avlolysis of Yeast — In Paper II analyses of a 
number of yeast preparations were reported (see Table III (2)). 
One sample (G) which had been prepared^ under careful control 
gave values which were 27 per cent of that found by biological 
assay. In the course of the preparation of Extract H the aqueous 
yeast suspension had been exposed to the atmosphere with no 
preservative added for a period of approximately 24 hours. In 
this case good agreement with the biological assay value was 
obtained. We have investigated the mechanism of this increase 
in the content of free thiamine. 

In aqueous extracts prepared at 70° from a dried yeast powder,® 
as previously described (2), 40 micrograms of thiamine per gm. 
of the original yeast powder were found. When an aliquot of the 
extract was subjected to bacterial activity for a period of 48 hours, 
no change in the value for the thiamine content was observed. 
This was also true when 100 micrograms of the crystalline thiamine 
monophosphate were added to the extract and similarly exposed to 
bacterial contamination. 

^ These aqueous yeast extracts were prepared by Dr. Harold Levine of 
the Premier-Pabst Corporation, Milwaukee, and submitted to us for chemi- 
cal analysis. The authors are indebted to Dr. Levine for a number of help- 
ful suggestions. 

* A generous amount of this hot air-dried yeast powder, used as a source 
of phosphatase, was supplied by the Premier-Pabst Corporation, Mil- 
waukee. This product is the same as Sample A, described in Table III of 
Paper II (2). 
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On the other hand, when a suspension of the yeast powder, 
with or without toluene added as a bacterial inhibitor, was allowed 
to stand 2 days at room temperature, values of 162 micrograms of 
thiamine were obtained. Biological assay of this yeast had 
indicated a potency of 56.5 international units. No increase in 
the values of free thiamine occurred, on standing at room tempera- 
ture, in yeast suspensions which had first been heated to 70° for 
30 minutes or which contained added chloroform or in aqueous 
solutions prepared from 80 per cent methyl alcohol extracts. 

Enzymes are believed to be protein in character or associated 
with a protein carrier. The low values for thiamine were obtained 
after the use of procedures by which the enzyme was precipitated 
or inactivated before opportunity for hydrolysis was permitted. 
These findings indicate that the change in the thiamine values 
is due to an enzymic hydrolysis of the phosphorylated vitamin to 
free thiamine. 

The enzyme present in yeast is capable of hydrolyzing quanti- 
tatively added phosphorylated thiamine. Theoretical values for 
extra free thiamine were obtained after the crystalline mono- 
phosphate was incubated with the yeast suspension. Likewise, 
after the incubation of the yeast powder with protein and enzyme- 
free aqueous extracts of the same powdei, all of the vitamin of 
both yeast powder and extracts was determined as free thiamine. 

Optimal Conditions for Enzymic Hydrolysis of Phosphoric 
Esters of Thiamine, Optimal pH — To each of five flasks con- 
taining 30 cc. of water, 0.2 cc. of toluene, and 100 micrograms of 
crystalline thiamine monophosphate, 0.5 gm. of the yeast powder 
was added. The pH of each suspension was adjusted by adding 
various quantities of 1 n H 2 SO 4 or NaOH solutions. The solutions 
were sufficiently buffered in themselves so that the initial pH 
values were maintained throughout the incubation period. The 
hydrolysis was allowed to proceed for a i>eriod of 24 hours at 
37.5°. The results of the analyses are summarized in Table 1. 
These tests indicate that the pH optimal for the hydrolysis of 
phosphorylated thiamine is rather closely restricted to that of 
4.5. The low value obtained when the reaction was allowed to 
proceed at pH 8 may be due in part to the instability of the vita- 
min in alkaline solution. 

Time Required for Completion of Enzymic Hydrolysis — ^The tests 
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described above were repeated but this time all the suspensions 
were at pH 4.5, with the duration of the incubation periods allowed 
to vary. The results, summarized in Table II, indicate that the 
reaction is completed by the 12th hour. Plotting the course of 
the reaction in terms of percentage hydrolysis versus time gives a 
curve characteristic of enzymic reactions. 

Optimal Temperature for Enzymic Hydrolysis — The above tests 
were repeated with the pH adjusted in each case to 4.5 but with 
the incubation temperature varying from 10® to 70®. The 
reactions were allowed to continue for a period of only 1 hour. 


Table I 

Optimal pH for Enzymic Hydrolysis of Phosphoric Esters of Thiamine* 


pH 

Total thiamine chlor- 
ide found 

Thiamine liberated 
by hydrolysist 

1 Percentage hydrolysis 
of thiamine eetersf 

1 

microgram» 

20 

microQramt 

0 

0 

2.5 

87 

67 

46 

4.5 

168 j 

148 

102 

6 

150 1 

130 

90 

8 

58 1 

38 

26 


* The aqueous yeast suspensions were incubated at 37.5® for a period of 
24 hours. 

t The 0.5 gm. of yeast powder used in each test had a total vitamin 
content equivalent to 85 micrograms of thiamine chloride. 20 micrograms 
existed initially as free thiamine. The 100 micrograms of thiamine mono- 
phosphate, which were added to each mixture, are equal to 80 micrograms 
of the free vitamin (4) so that a total of 145 micrograms of thiamine existed 
in the esterified forms. 

It is apparent from Table III that an incubation temperature of 
approximately 45® is optimal for the hydrolysis of the phos- 
phoric esters of thiamine. At 70® no hydrolysis is possible owing 
to the inactivation of the enzyme by heat. 

Attempts to Isolate Phosphatase — Because of the indications of 
the protein nature of the enzyme, attempts were made to isolate 
from the active yeast powder a soluble protein fraction free from 
thiamine that would exhibit enzymic activity. Two different 
procedures were used. The protein in the aqueous extract® of the 
yeast powder was precipitated by 80 per cent methyl alcohol at a 

• Prepared at room temperature. 
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temperature of approximately 6®. The precipitate was dehy- 
drated by consecutive washings with chilled absolute alcohol and 
ether and finally dried at 50®. In the other procedure the protein 


Table II 

Time Required for Complete Enzymic Hydrolysis of Phosphoric Esters 
of Thiamine* 


Incubation time 

Total thiamine chlor- 
ide found 

Thiamine liberated 
by hydro! yeist 

Percentage hydrolysb 
of thiamine eeterst 

hvB, 

mierogramt 

micrograma 


0 

20 

0 

0 

1 

88 

68 

47 

3 

137 

117 

81 

6 

147 

127 

I 88 

12 

160 

140 

97 

18 

167 

147 

101 

24 

168 

148 

102 

30 

163 

143 

99 


* The aqueous yeast suspensions at pH 4.5 were incubated at 37.5°. 
t The same explanatory statements added as a foot-note to these col 
umns in Table I apply here also. 


Table III 

Optimal Temperature for Enzymic Hydrolysis of Phosphoric Esters 
of Thiamine* 


Incubation tempera- 
ture 

Total tluamine chlor- 
ide found 

Thiamine liberated 
by hydrolysis t 

Percentage hydrolysis 
of thiamine esters t 

“C. 

micrograma 

micrograma 


10 

62 

42 

29 

25 

83 

63 

43 

37.5 

93 

73 i 

50 

45 

1 no 

90 

62 

55 

97 

77 

53 

70 

20 

0 

0 


» * The aqueous yeast suspensions at pH 4.5 were incubated for a period of 
1 hour at the temperatures indicated. 

t The same explanatory statements added as a foot-note to these columns 
in Table I apply here also. 

fraction was obtained by dialyzing^ the aqueous extract against 
running water, concentrating the remaining solution in vacuo 

^ Cellophane No. 300, kindly furnished by E. I. du Pont de Nemours and 
Company, Wilmington, was used as the semipermeable membrane. It is 
impermeable to protein and therefore suitable for the dialysis of protein 
solutions (15, 16). 
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(36-40®) to a syrup, and dehydrating the material in a vacuum 
desiccator. In both cases approximately 65 mg. of the ground 
final product were equal to 1 gm. of the original yeast preparation. 
Despite the precautions noted above, the protein present in the 
extract powders was largely denatured. However, a filtrate still 
gave a positive biuret test, a precipitate with sulfosalicylic acid, 
and a slight but positive heat coagulum. The ‘‘enzyme^’ powders 
were found to be free from thiamine and incubation of them with 
the crystalline monophosphate resulted in a 30 to 50 per cent 
hydrolysis of the ester. Control tests sho\yed no conversion of the 
ester to free vitamin in solutions similarly treated but without the 
enzyme powders. These results indicate that the enzyme activity 
is associated with the water-soluble protein fraction of the original 
yeast powder. Inasmuch as quantitative hydrolysis of phos- 
phorylated thiamine did not occur in the artificial systems set up 
to test the enzyme powders, we have continued to use the active 
whole yeast preparation as the source of the phosphatase. 

Application of Yeast Phosphatase to Determination of Total 
Thiamine Content in Biological Materials and to Estimation of 
Amount in Phosphorylated Forms — In Table IV we have presented 
some of our studies in which yeast phosphatase was used to con- 
vert all of the vitamin Bi present to free thiamine. By difference 
between the thiamine values, obtained before and after hydrolysis, 
the concentration of the vitamin in the phosphorylated form was 
determined. Samples A and B were found to contain soluble 
protein. Incubation of aqueous suspensions of these yeast pow- 
ders under optimal conditions for a period of 24 hours resulted in 
constant yields of free thiamine, which approximated the values 
obtained by biological assay. Sample C was found to contain 
no soluble protein and was unable to hydrolyze the phosphorylated 
vitamin present. However, the incubation of either yeast powder 
Sample A or B with an aqueous suspension of Sample C resulted in 
hydrolysis of its esterified vitamin.® In similar fashion the phos- 
phorylated thiamine present in Samples D, G, and L was converted 
to free thiamine. Analysis of Sample M, an 80 per cent methanol 
extract of Sample B, indicates that this solvent is capable of ex- 

• For this purpose 0.6 gm. of the active yeast powder was used. The 
thiamine content of Sample C was obtained by difference between the total 
thiamine recovered and that present in the yeast powder furnishing the 
eneyme. 
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Table IV 


Application of Yeast Phosphatase to Determination of Total Thiamine 
Content of Biological Materials and to Estimation of Amount in 
Phosphor ylated Forms 




Chemical assay values 


Sam- 

ple* * * § 

Description of preparation 

Free 

thia- 

mine 

Phos- 

phory- 

lated 

thia- 

mine 

1 

Total 

thia- 

mine 

Biological assay 
valuef 



micros 
gram$ 
per gm. 

micro- 
grama 
per gm. 

micro- 
grama 
per gm. 

mierograma per gm. 

A 

Hot air-dried yeast powder 

40 

130 

170 

169 

B 

tl if U ti 

37 

121 

158 

180 

C 

Dried yeast powder, free from 
soluble protein 

45 

39 

84 

About 120 

D 

Protein-free, artificially 

sweetened, concentrated 
aqueous extract of yeast 

30 

43 

73 

59t 

G 

Protein-free, aqueous extract 
of yeast powder with CHCU 
as preservative 

3.9 

11.6 

15.5 

17.4 

L 

Protein-free, aqueous extract 
of yeast powder} 

45 

34 

79 

About 120 

M 

Protein-free, aqueous solution 
prepared from initial 80% 
CH|OH extract of yeast 
powder} 

38 

126 

164 

180 

I 

Protein-free, aqueous concen- 
trate of rice polish 

203 

1 

42 

245 

259 

J 

Wheat germ powder 

27.5 

3.5 

31 

18-5811 

J' 

Protein-free, aqueous extract 
of powdered wheat germ} 

27.5 

3 

30.5 

18-58 


* The same preparations as are described in Paper II (2). 

t The biological assay values were converted into micrograms of thi- 
amine chloride, assuming that 3 micrograms of thiamine chloride are equal 
to 1 international unit. 

t This value was not obtained by any of the special assays conducted as 
part of this study but was that indicated on the label of the preparation. 

§ The values obtained with each of these solutions are expressed in terms 
of micrograms of thiamine chloride per gm. of original dry material. 

II Biological assays reported in the literature (17) indicate values ranging 
from 18 to 58 micrograms of thiamine chloride per gm. of wheat germ. 
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tracting quantitatively both forms of thiamine from biological 
materials.® Incubation of extracts of rice polish (Sample I) or of 
wheat germ (Sample J') with the active whole yeast powder 
results in recoveries of additional amounts of thiamine. Although 
accurate analyses were obtained by the addition of whole wheat 
germ (Sample J) to the aqueous yeast suspension, this may not be 
possible under the above conditions of experimentation when 
assays of foods containing intact cells are attempted. In such 
tests contact between enzyme and substrate would be limited by 
the rate of diffusion of the phosphorylated vitamin through the cell 
wall. For such assays it seems preferable to add the active yeast 
powder to extracts of the material to be tested. 

Yeast is the best known source of the coenzyme, cocarboxylase, 
and analyses indicate that as much as 75 per cent of the total 
thiamine may be present in the phosphorylated form. More of 
the vitamin may have been originally present as these esters, 
since the ratio of phosphorylated to free thiamine in the final 
product will be dependent on the extent to which the conditions 
of preparation favor phosphatase activity. 

SUMMARY 

By the chemical method, based upon the reaction between 
thiamine and diazotized p-aminoacetophenone, it is not possible 
to determine either of the phosphorylated thiamines (cocar- 
boxylase or the monophosphate), until they are hydrolyzed to the 
free vitamin. In yeast preparations this is accomplished by 
the action of a phosphatase which is liberated from the cell during 
the drying of the yeast. The optimal conditions for the enzymic 
hydrolysis were determined. The enzyme activity was found to 
be associated with a water-soluble protein fraction in the yeast 
preparation. The incubation of an active yeast powder with a 
number of thiamine concentrates, such as extracts of yeast, rice 
polish, and wheat germ, result^ in a quantitative conversion of 

• This finding is confirmed by the rat growth data obtained by Dr. 
Harold Levine of the Premier-Pabst Corporation, Milwaukee, demonstrat- 
ing that all of the thiamine is removed quantitatively from dried yeast 
powder by a procedure of extraction with 80 per cent methanol as well 
as by an aqueous extraction method similar to those used in the present 
studies. 
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all the vitamin present into the free form which may be deter- 
mined chemically. By difference between thiamine values, 
obtained before and after hydrolysis, the concentration of the 
phosphorylated vitamin may be estimated. Dried yeast may 
contain as much as 75 per cent of its thiamine in the esterified 
form, while in rice polish and wheat germ the major portion exists 
as the free vitamin. 

We are indebted to the Directors of the Research Laboratories 
of The Upjohn Company, Kalamazoo, the Premier-Pabst Cor- 
poration, Milwaukee, and Burroughs Wellcome and Company, 
'T'uckahoe, for conducting a number of special biological assa}^^ 
of preparations used in the present study. 
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The possibility of preparing a cell-free liver extract having 
constant and reproducible properties with respect to the ^‘dis- 
appearance” of amino nitrogen (1) has been further investigated. 
Our results, obtained with homogeneous cell extracts, can of course 
not be considered applicable to reactions in living cells, in which 
velocities are largely determined by heterogeneous conditions. 
The isolation of physiologically linked units in the chains of cell 
reactions is necessarily a difficult undertaking. The fact, how- 
ever, that the reaction which we have called “disappearance of 
amino nitrogen” occurs consistently under various conditions 
seems to form a promising basis for its closer investigation. 

Methods 

Method I, described in our first paper (1), is reproducible but 
not suitable for further purification. Other methods, investigated 
in continuation of our studies, showed a marked tendency to 
yield extracts extremely low in amino nitrogen. This was caused 
by the acceleration of the disappearance of amino nitrogen when 
the solutions were heated. We shall refer to the disappearance 
reaction as the D value, D activity, or D reaction. D is always 
given as the percentage of the preceding value, the time and tem- 
perature being indicated. The concentration corresponds to 50 
gm. of solids in 100 gm. of solution after the original pH level of 5 
had been adjusted to 7.4, which was maintained during all experi- 
ments. This was the standard solution. All D values are cor- 
rected for the small dilutions incident to maintenance of this pH. 
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The D reaction in fresh standard solution was generally about 10 
(sometimes rising to about 20), as determined at 40® in 24 hours 
(DJo). Dialysates from the standard solution, which were evap- 
orated at 14®, gave considerably higher values. 

In almost all experiments any proteolytic activity was deter- 
mined by the methods of Linderstrom-Lang and Holter (2) ; the 
substrates were casein (pH 3.8 and 7.8), alanylglycine (pH 7.4), 
and chlproacetyl tyrosine (pH 7.4). 

In several preparations an active, comparatively stable, dry 
powder was obtained. A 25 kilo quantity of fresh beef liver was 
freed from superficial fat, carefully ground, mixed with half its 
weight of water, and adjusted to pH 5 by the gradual addition of 
60 per cent sulfuric acid with efficient stirring during 1.5 hours, 
the pH being measured with the glass electrode. Acetone was 
added to make a final amount of 5 liters in 10 liters of the whole 
mixture. This was stirred for 24 hours at room temperature, and 
the acetone (about half of which usually evaporated during the 
extraction) made up to the original concentration. The solids 
were then removed (1) and the clear solution evaporated at 16® 
to 5 liters. An equal volume of acetone was added in portions 
with violent shaking, the mixture was held at 2® overnight, and 
the flocculent, somewhat oily precipitate was filtered off at the 
same temperature. The clear filtrate was evaporated at 16® to 
1 liter, and held overnight at — 15®-16®; a yellow voluminous 
precipitate was removed by rapid centrifugation, and tricresol was 
added (1). In early experiments this solution was stored at —20® 
in small bottles; later, in order to avoid the danger of acid fermen- 
tation and of a D reaction which probably occurred during un- 
avoidable warming to room temperature, the solutions were freed 
from water by repeatedly pouring 200 cc. portions into 1 liter 
quantities of 2:1 absolute alcohol-ether. The oily precipitates 
were converted to semisolid form by repeated energetic agitation 
with more alcohol-ether. This procedure took 16 minutes for each 
portion and was completed by washing with petroleum ether and 
evaporation of a thin layer in a vacuum desiccator over phosphorus 
pentoxide, the desiccating agent being renewed twice daily. De- 
terminations of the dry weight (Pregl) of the porous product 
showed a loss of 1.08 per cent after 24 hours and 0.05 per cent 
after 1 week. This preparation dissolved readily in water and 
displayed marked buffering power. 
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Two such preparations (from 60 kilos of liver in all) were united; 
the Dlt value remained fairly constant during 3 months. 

EXPERIMENTAL 

The dry preparation, which contained about 60 per cent of 
glucose, was made up to a 30 to 40 per cent solution of pH 6. 
This was decolorized by two filtrations through a 2 cm. layer of 
activated carbon, which adsorbed about 2 per cent of the dry 
weight. The Dlt value was not markedly affected (D = 8.4). 
The color reappeared after 48 hours at pH 7.4 and 40®. In Table I 
is presented a comparison of this filtrate, a 20 per cent glucose 
solution, both of which were held at pH 7.4 and 40® during 48 
hours, and a newly prepared standard solution. 


Table I 

Extinction Coefficients of Yellow Color Appearing after Hours at 40° 


Wave-lengths 

Filtrate 

Glucose aolution 

Standard solution 

A. 

4300 

0.62 

0.81 

0.66 

4700 

0.34 

0.50 

0.38 

6000 

0.18 

0.22 

0.21 

5300 

0.08 

0.12 

0.12 

5700 

0.06 

0.05 

0.05 


No flavins were present in the standard, as was demonstrated 
by the absence of lumiflavin after irradiation with ultraviolet 
light from a high pressure mercury lamp for 2 hours at 10 cm. 
distance. The standard solution contained no bile pigments, 
but bile acids, a small amount of urea, 1.25 mg. of ammonia per 
cc., and 20.2 mg. of total nitrogen per cc. were present, Arnold^s 
reaction (by saturation with ammonium sulfate) was strongly 
positive. The standard solution always gave a very faint opales- 
cence on addition of 10 per cent of trichloroacetic acid or sulfo- 
salicyUc acid; such mixtures showed a faint precipitation after 24 
hours. The dialysates never showed more than a barely appre- 
ciable opalescence on treatment with these reagents. 

A standard solution and its dialysate were hydrolyzed by heat- 
ing at 100® with hydrochloric acid (20 gm. per 100 cc. of solution 
in an evacuated tube). In Table II are shown the results of one 
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such experiment, in the interpretation of which due allowance 
must be made for the presence of large amounts of sugar. Loss 
of nitrogen occurred by adsorption on the large amounts of humin 
formed during hydrolysis. In the standard solution the amino 
nitrogen value was not altered by hydrolysis, but increased in the 
dialysate. A discussion is deferred for the present. The per- 
centage ratios of amino nitrogen to total nitrogen before hydrolysis 
were 48.4 and 20.5 in the dialyzable and non-dialyzable fractions 
respectively. This demonstrates the presence of a very small 
amount of a n6n-dialyzing nitrogenous substance and agrees with 
the comparatively higher increase of amino nitrogen after hydrol- 
ysis of the non-dialyzable part (50 per cent) compared to the dialyz- 
able part (40 per cent). 


Table II 

Nitrogen Distribution in Standard and Dialyzed Solutions after Dialysis 
through Collodion Membranes Accelerated by 0.2 Atmosphere 
Pressure during 24 Hours 


The values are given in mg. per cc. 


Sample 

Total N 
before hy- 
drolyais 

Total N 
after hy- 
drolyaiB 

Amino N 
before hy- 
drolysia 

Amino N 
after hy- 
drolysis 

Standard solution 

18.13 

15.30 

11.9 

11.3 

Dialyzed 

21.30 

18.0 

10.3 

14.5 

Non-dialyzable solution 

0.28 

0.12 

0.058 

0.088 


The solution and dialysate were hydrolyzed 20 hours. 


The question of the presence of real proteins, specific or inert, 
in the standard solution is, however, not satisfactorily answered 
by the above experiments. In accordance with prevailing views 
of a “synthesis'^ involving amino acids a separation from the sub- 
strate of enzymes which might have been present was continued 
by means of dialysis. The working h 3 rpothesi 8 involved the possi- 
bility of inactivating the D reaction if the enzymes were non- 
dialyzable under various conditions. Collodion tubes prepared 
according to Sorensen's technique were employed and rapid dial- 
3 ^s was secured by the use of stirring and air pressure of 0.2 to 
0.25 atmosphere. After dialysis of 800 cc. of standard solution 
for 24 hours the inside solution, when concentrated to 85 cc., 
contained 0.088 mg. of amino nitrogen per cc., whereas the outside 
solution, after concentration to 375 cc., contained 12.68 mg. of 
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amino nitrogen per cc. In Table III is shown an unusually high 
D reaction. In this experiment a loss of 2.1 per cent of total 
nitrogen occurred, the whole of this being found as ammonia. 
This was the only case in which the formation of ammonia was 
encountered; in other instances no ammonia escaped even at 100® 
and pH 7.4. Table III also demonstrates the readily reproducible 
inhibiting influence of the inside solutions on the D reaction. 

Repeated experiments with dialysis have always indicated that 
all but a small fraction of the solids in the standard solution are 
dialyzable. After a Z> reaction both standard solution and dialy- 
sate consistently yielded bulky precipitates on saturation with 
ammonium sulfate and on treatment with trichloroacetic or sulfo- 
salicylic acid. These precipitates were especially pronoimced 


Table III 

Inhibiting Effect of Non-Dialyzahle Fraction on D40 Reaction of Dialyzed 

Standard Solution 


Sample 

Time 

ToUlN j 

Amino N 

2> reaotion 

Loee in 
NHi-N 


hrg. 

mg. peree. 

mg. per ee. 


mg. per ce. 

Concentrated dialyzed solu- 

0 

19.76 

11.25 



tion 

19.5 

19,31 

2.70 

DJ.’ ‘-76 

0.41 

Dialyzed solution mixed 

0 

17.86 

8.21 


with concentrated non- 
dialyzable solution 

24 

17.78 

5.70 

£>J‘ - 30.6 

0 


after the D reactions had occurred in dialysates. As stated 
above, the Dlt reaction consistently occurs, even after 3 months 
of storage; this was not the case with older preparations. Al- 
though little can be said about the products formed in the fresh 
or in the older preparations, it is certain that even in those experi- 
ments in which no precipitates were produced, only a part of the 
products formed by the D reactions is dialyzable. 

In Table IV is reported an experiment in which an old standard 
solution was dialyzed by means of suction through a very thin 
cellulose acetate membrane. This membrane had been applied 
to the outside of an alundum cylinder^ in the form of a solution 
in glacial acetic acid. The coated cylinder was immersed in the 

^ The authors are deeply indebted to Dr. A. Tiselius for the alundum 
cylinder and the cellulose acetate solution. 
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solution and, when the velocity of dialysis decreased, the solution 
was diluted to its original volume with water; this dilution was 
repeated eight times. The entire dialysate was heated to 40° and 
again dialyzed. All the amino nitrogen remaining after the DJo 
reaction passed through the membrane, whereas 12.5 per cent 
of the total nitrogen had been rendered non-dialyzable. 

In order to decide whether the D reaction was influenced by 
anaerobic conditions, a standard solution was freed from air by 
expiration of nitrogen for 1 hour, and all precautions were sub- 

Table IV 


Formation of Non~Dialyzable, Nitrogen-Containing Substance by D 40 Reaction 
in Dialyzed Solution 
The values are given in mg. per cc. 


Sample 

Total N 

Directly 
determi' 
nable amino 
N 

Amino N 
after hy- 
drolyaia 

First dialysate 

14.15 

6.89 

9.50 

Same after D reaction (Dio* ■■ 34.4) 

14.21 

4.52 

Twice dialyzed solution 

12.48 

4.43 

7.93 



Table V 

D 40 Reaction in Standard Solution under Anaerobic Conditions 


Standard solution 

Time 

reaction 

Amino N 

Total N 


Ar«. 


mg. per ce. 

mg, per ee. 

In nitrogen 

0 


6.80 

20.60 


24 

21.9 

5.31 

20.53 

In air 

0 


7.40 

20.60 


24 

17.7 

6.09 

20.60 


sequently taken to exclude oxygen. The results of this experi- 
ment, together with those of a control in which air was employed, 
are shown in Table V. No loss of ammonia occurred. The most 
conspicuous result is the slightly higher D reaction observed in 
the absence of oxygen. This result is not in accordance with the 
findings of Voegtlin et al. (3) which, however, were obtained in the 
presence of liver cells. We wish merely to state that the velocity 
of the D reociion under the conditions of our experiment seems to be 
independent of the presence of oxygen. 

An outstanding feature, briefly mentioned in an earlier paper 
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(1), is the influence of temperature on the rate of the D reaction. 
The stability of the D reaction at 100® was tested by heating a 
series of standard solutions in a water bath for periods of 2 to 60 
minutes. The results are shown in Table VI. In order to ob- 
tain a rapid increase in temperature small volumes of solution 
were used and the heating was initiated over an open flame (43 
seconds to reach 100®). During the heating the volumes were 
held constant and there was no loss of ammonia. Amino nitro- 
gen was determined immediately after the heating, and the solu- 
tions were then kept at 40® for longer periods. The solution be- 
fore heating contained 8.36 mg. of amino nitrogen per cc. D 
reactions displayed little difference after 30 and 60 minutes boiling 
time respectively, and tended to reach a limiting value. This 
effect is obviously due to the inhibition of some process concerned 


Table VI 

Stability of Daq Reactions in Standard Solutions Heated at 100° for 
Varying Times 



! 


Boilina period 




2 min. ! 

4 min. 

6 min. 

8 min. 

30 min. 

00 min. 

D reaction immediately after 
boiling 

9 

20 

21 

41 

61 

59 

D 40 reaction after 24 hrs 

17 

21 

23 

25 

0 

0 


in the D reaction. According to the D40 reactions, this inhibition 
is practically complete after 30 minutes boiling. However, the 
thermostability of the D reaction is surprisingly high, for only a 
small loss of activity occurred after 8 minutes of boiling. 

In a second series the standard solutions were heated for 30 
minutes at temperatures between 40® and 100® and thereafter held 
at 40®. The first line in Table VII indicates that inhibition is 
almost complete after 30 minutes at 100®, as is also indicated in 
Table VI. On the other hand, little or no inhibition occurred dur- 
ing 30 minutes at 80®. 

Potassium cyanide in a 0.01 n concentration increases the rate 
of the D reaction, as is shown in Table VIII, which likewise demon- 
strates the influence of hydrogen ion concentration. The com- 
plete inhibition of the D reaction at pH 6 was relieved by the 
presence of cyanide and a marked stimulating effect of the reac- 
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tion at pH 7.4 observed. This effect is particularly noticeable 
with the dialysate. In most experiments the D40 reaction was 
followed during several days and pursued a linear course for about 
72 hours, generally ceasing when the amino nitrogen values had 
fallen to a level of about 2 mg. per cc. The addition of 0.01 n 
KCN at pH 7.4 to ^^exhausted^^ solutions which had shown no 
change in amino nitrogen during 48 hours at 40® always brought 
about a Dio reaction of about 10 . We consider that this phenom- 
enon demonstrates a reactivation by cyanide in concordance with 
the stimulating effect shown in Table VIII. 

Table VII 

Stability of Dio Reactions in Standard Solutions Heated at Different 
Temperatures for SO Minutes 


Heating temperatures 



40* 

60* 

80" 

100" 

D reaction immediately after heating period.. 

0 

5 

23 

55 

D 40 after 24 hrs 

17 

15 

15 

2 


Table VIII 

Stimulating Effect of KCN (0.01 N) on pH Stability of D Reaction 


Z)” reaction 



pH 5 

pH 7 

pH 8 

Standard control 

0 

18 

16 

‘‘ 4- KCN 

10 

25 


Dialysate of standard 


5 


“ “ -h KCN 


13.3 



At pH 7 iodoacetic acid, 2 per cent sodium fluoride, 0.008 n 
cupric chloride, and H2S (to saturation) exercised no inhibitory 
influence. The D activity was not influenced by adsorption with 
carbon. Precipitation with lead acetate at pH 7.4 removed about 
10 per cent of the solids; the D40 activity in the lead-free filtrate 
varied from 0 to 9 in four experiments. Extensive attempts to 
differentiate the system by extraction with mixtures of acetone, 
ethyl alcohol, and propylene glycol have as yet led only to inac- 
tivation or to the production of fractions which occasionally dis- 
played a ^^reactivation” when reunited. Attempts will be made 
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to remove the bulk of the sugar by electrophoresis. Standard 
solutions and dialysates gave a strong Arnold reaction, but it has 
not been found possible to relate this to the D reactions. In very 
few cases was a proteolytic activity found. The system con- 
cerned with the D reactions can be prepared in various ways, all 
of which lead to preparations containing blood-generating activity 
and others active towards pernicious anemia. This phase of the 
subject will be further explored. 

DISCUSSION 

The system concerned with the disappearance of amino nitrogen 
has been further purified. Considering the state of impurity, the 
reaction proceeds fairly accurately as a first order reaction. From 
dry material an active colorless solution can be prepared by means 
of adsorption on carbon. 

The factors participating in the reaction can be dialyzed through 
membranes known to be impermeable to molecules greater than 
10,000. It seems unlikely^ that a reversibly acting enzyme of 
high molecular weight is involved. The heat stability of the 
reaction is markedly higher than that of many proteolytic en- 
zymes, the presence of which has not consistently been detected 
in our preparations. The presence of other types of intracellular 
enzymes is not excluded. Of these very little is known. The 
milieu might effect an even more determining influence than has 
been proved. We are not in the position to relate our results 
with those of Bergmann (4-fi) with proteolytic enzymes. The re- 
action reported in this paper might belong to the group commonly 
termed catalyzed processes. The fact that the active system is 
dialyzable does not necessarily preclude the presence of active 
enzymes. The unusually high heat stability is to be regarded 
merely as an observation and not as a conclusive disproof of the 
enzymatic character of the reaction. Discussion of the stimulat- 
ing effect of cyanide must be deferred until our system has been 
further purified. 

The work has been supported by grants from the Rockefeller 
Foundation and the Foundation Therese och Johan Anderssons 
Minne. 
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A SIMPLE CATAPHORESIS APPARATUS 

Bt THOMAS B. COOLIDGE 

{From the Department of Biochemietryf Duke University School of Medicine, 
Durham, North Carolina) 

(Received for publication, October 7, 1938) 

The cataphoresis apparatus described here was designed to pro- 
vide a cheap apparatus capable of almost quantitative separations 
of proteins with isoelectric points quite close together (serum 
albumin and globulin) and giving large 3 rields of purified end- 
products with little dilution. It has proved of value in two sepa- 
rations and would seem to be applicable to a wide number of prob- 
lems. Sulfhemoglobin and oxyhemoglobin together have been 
separated from the colloidal reaction mixture in which the former 
is made, and serum albumin has been separated from 2.00 cc. 
samples of plasma. 

The apparatus (Fig. 1) consists of a straight, water-jacketed 
glass tube with reservoirs at top and bottom to insure adequate 
buffering against changes in pH arising at the Ag-AgCl electrodes 
(1). The straight tube has the advantage over a U-tube that all 
portions of the solution placed in it migrate in the same straight 
line, none being on the inside track of a curve.^ 

The use of ground glass wooP as a filler minimizes convection 
currents and provides a means of layering the sample and of 

1 A simple push-pull amplifier, made from inexpensive radio material 
at a cost of less than $25 including meter, gave 200 milliamperes at 750 volts 
very satisfactorily. With the dimensions of the apparatus as given, how- 
ever, heating sufficient to distort the boundaries is apt to occur with cur- 
rents over 100 milliamperes. 

* Ground glass wool was prepared by grinding glass wool (Merck) with 
relatively small amounts of clean sand and water, separating the product 
by stirring in large beakers with water, and decanting so as to obtain 
fairly homogeneous particles settling within about 10 seconds in a liter 
beaker. Matting is avoided by drying with alcohol and ether at room tem- 
perature in a thin layer and grinding lightly in a mortar before use. 
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collecting the material which has migrated a certain distance with- 
out disturbing the remaining solution. Good layering is aided by 
adding starch or sucrose to the buffer in the lower buffer reservoir. 



Fig. 1. Cataphoresis apparatus 


Operation 

The lower reservoir is filled with buffer and the water-jacketed 
tube inserted; the cooling water is turned on; a plug of cotton is 
rammed down to the bottom of the tube; and filler is dropped in 
to give a section a few cm. in length; the tube is tapped and the 
filler tamped down. The sample is inserted, followed by filler 
until only a trace of sample remains above it. Any air bubbles are 
removed by tapping. Buffer and filler are added and tapped and 
tamped down every few cm. until the desired height is reached. 
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The remainder of the tube and the top reservoir are filled with buf- 
fer, the electrode inserted, and the current turned on. 

As the cataphoresis progresses, the electrodes must be exchanged 
occasionally to avoid exhausting the AgCl coating. Samples may 
be withdrawn and the buffer above the filler renewed as often as 
necessary. 


Results 

Several mixtures prepared from 20 per cent hemoglobin solu- 
tion by the addition of HaS and HaOa followed by dialysis were 
subjected to cataphoresis at pH 8.0 for 5 to 6 hours. The total 
pigment recovered was at most 70 per cent of the amount in the 
sample, was free of non-sulfhemoglobin sulfur, and was a mixture 
of oxyhemoglobin and sulfhemoglobin, both components having 
the same rate of migration (2). 

Three 2.00 cc. samples of oxalated human plasma at pH 8.0 
were subjected to cataphoresis between 6 and 12 hours at constant 
voltages between 200 and 500 volts. The volume of the sample 
removed was 4.00 to 5.00 cc., a dilution of about 2-fold. 



Experiment 

Duration 

Albumin recovered 

Albumin-globulin 
ratio of product 



hr 8. 

per cent 



A 

6 

43 

00 


B 

6 

66 

18:1 


C 

11 

93 



SUMMARY 

A simple cataphoresis apparatus is described, capable of sub- 
jecting small (and presumably, with slight change in design, large) 
samples of protein solution to quantitative cataphoresis, with good 
separation on the basis of rate of migration, eavsy removal of sam- 
ples, and only slight dilution. 

The application of the apparatus to the separation of sulfhemo- 
globin-oxyhemoglobin mixtures and of serum albumin is described. 
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STUDIES OH OCTOPINE 

I, THE SYNTHESIS AND TITRATION CURVE OF OCTOPINE* 

Bt J. LOGAN IRVIN and D. WRIGHT WILSON 

(From the Department of Physiological Chemistry^ School of Medicine, 
University of Pennsylvania, Philadelphia) 

(Received for publication, November 5, 1938) 

In 1934 Moore and Wilson (9, 10) reported the isolation from 
scallop muscle of a crystalline material which was proved to be 
octopine, a compound previously isolated by Morizawa from 
octopus muscle (11). The structure was studied by Moore and 
Wilson, who concluded that octopine is arginine, the a-amino 
group of which is attached to the a-carbon atom of propionic acid. 
It may be given the name N®-(l-carboxyethyl) arginine. Akasi 
(2) arrived at the same conclusion regarding the structure of 

CH, COOH 

i I 

HC— NH— CH 

I I 

COOH CH, 

I 

CH, NH 

I 11 

HC— NH— C— NH, 

octopine and was the first to synthesize it. He also determined 
its optical configuration. The partially inactive compound was 
independently synthesized by ourselves (8). Ackermann and 

* This and the following two papers are taken from the thesis presented 
by J. Logan Irvin to the Faculty of the Graduate School of the University 
of Pennsylvania in 1938 in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy. 

Preliminary reports of this work have been presented in the Proceedings 
of the Society for Experimental jBiology and Medicine, April, 1937 (8), and 
before the Physiological Society of Philadelphia, April 19, 1937, and the 
American Society of Biological Chemists at Baltimore, April 2, 1938 (7). 
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Mohr (1) have recently repeated Akasi's synthesis. After we 
had seen the papers of Akasi, we decided to repeat our synthesis, 
using a lower temperature to diminish racemization and em- 
ploying his method of separating the natural isomer from the 
unnatural enantiomorph by means of the difference in the solu- 
bility of the picrates. Our synthesis is described in this paper. 

The titration curve of octopine has been determined with a 
glass electrode. This curve furnishes additional evidence for the 
two acidic and two basic groups of octopine. 

EXPERIMENTAL 

Synthesis of Octopine — In our j&rst paper (8) the synthesis of a 
partially optically inactive octopine was described. As data for 
the complete elementary analysis of the compound and its picrate 
were not given in that paper, they are presented below. 

CflHi 8 N 404 . Calculated. C 43.92, H 7.37, N 22.76 
Found. ‘‘ 43.87, 7.04, “ 22.49 

C 9 Hi 8 N 404 C«H 3 Na 07 . Calculated. C 37.88, H 4.46, N 20.63 
Found. 38.35, ‘‘ 4.50, “ 20.24 

Our final method of synthesis was as follows: A reaction solu- 
tion containing 2.0 gm. of d-arginine methyl ester dihydrochloride, 
1.4 gm. of dJ-a-bromopropionic acid ethyl ester, 2 equivalents of 
sodium ethylate, and a small amount of potassium iodide in 10 
cc. of absolute ethyl alcohol was refluxed at 80°. Another equiva- 
lent of sodium ethylate was added in small portions at hourly 
intervals during the early part of the period of reaction which 
was continued for 12 hours. The solution was then made acid 
with sulfuric acid, and after the removal of iodide, chloride, and 
bromide with silver sulfate, the filtrate was heated gently on the 
water bath for 1 hour in order to hydrolyze the esters. Analysis 
of a sample of this solution indicated a 92 per cent decrease in 
amino nitrogen, as determined by the Van Slyke method. An 
analysis for guanidine groups by the Sakaguchi method as previ- 
ously employed (10) showed about 117 per cent of the value 
expected from the amount of arginine used in the reaction. Since 
octopine does not contain a free amino group and gives with the 
Sakaguchi analysis a value 20 per cent higher than that given by 
an equivalent of arginine, these analyses indicated a fairly com- 
plete synthesis of octopine. 
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The solution was then treated with silver nitrate and barium 
hydroxide for the precipitation of octopine and unchanged argi- 
nine. The silver-baryta precipitate was decomposed in the usual 
manner. The solution was made very faintly acid to Congo red 
with sulfuric acid and was treated at the boiling point with 0.22 
gm. of flavianic acid. After standing overnight a small amount 
of the typical plates of arginine flavianate settled to the bottom 
of the beaker. The flavianate was removed by jfiltration. 

After extraction of the excess flavianic acid from the filtrate 
in the usual manner, the solution was freed of sulfate and evapor- 
ated under reduced pressure to a small volume. By the addition 
of a saturated solution of picric acid, small clustered needles re- 
sembling octopine picrate separated from the solution. A yield 
of 1.39 gm. of picrate was obtained; this was 76.6 per cent of the 
theoretical for one isomer, based on the amount of arginine methyl 
ester dihydrochloride used in the reaction. The filtrate contained 
the picrate of the unnatural enantiomorph of octopine. After 
several recrystallizations of the picrate of the natural isomer, the 
material melted with decomposition at 226®.' A mixture with a 
known sample of octopine picrate showed no depression. The 
picrate of the synthetic compound when analyzed by our Saka- 
guchi procedure gave 97 per cent of the expected value when 
octopine was used as a standard. The color given by the picrate 
with these reagents was identical with the characteristic purple 
color given by octopine, thus differing from the orange-red tint pro- 
duced by arginine. The picrate contained no water of crystalliza- 
tion and no free amino nitrogen and gave the following analyses. 

CaHigNiOi-CeHiNiOr. Calculated. N 20.63, picric acid 48.2 
Found. “ 20.60, ** 48.1 

Picric acid was determined by the method of Cope and Barab 
(4). 

The free synthetic compound was obtained by extraction of 
picric acid with ether from a solution of the picrate in 6 per cent 
sulfuric acid, removal of the sulfate quantitatively with barium 
hydroxide, evaporation of the solution under reduced pressure to 
a small volume, and addition of alcohol to a concentration of 80 
per cent. The free compound crystallized in small clustered 

^ All melting points are corrected in this and the following two papers. 
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needles identical in appearance with those of natural octopine. 
The synthetic material melted with decomposition at 266®, and 
a mixture with a sample of natural octopine gave no depression. 

C^HnNiOi. Calculated, N 22.76; found, N 22.69 


Synthetic octopine gave a positive Liebermann nitrosamine 
reaction for secondary amines. It was neutral or very faintly 
acid in aqueous solution. The specific rotation in water was 
+19.6®, which agrees well with that of natural octopine. 

A picrolonate was formed by the addition of the calculated 
amount of picrolonic acid to a warm solution of the compound. 
It crystallized in small, clustered needles which, after recrystal- 
lization, melted at 236®. A mixture with the picrolonate of nat- 
ural octopine showed no depression. 

Determination of Titration Curve and Apparent Dissociation 
Constants of Octopine — Samples of octopine which had been re- 
crystallized four times and which gave satisfactory elementary 
analyses were used in the determination of the titration curve. 
The samples were dried to constant weight in a vacuum desiccator. 

The titration curve was determined by the use of a glass elec- 
trode with improved electron tube potentiometer designed by 
Stadie, O^Brien, and Laug (13). pH was calculated according 
to the following equation, 


E » 


RT 

NF 


pH — € 


( 1 ) 


in which E is the observed potential in volts, e is the cell constant, 
and the expression RT/NF is made up of the usual constants and 
has the value 0.059 at 25®. The cell constant was calculated 
by the use of Equation 1 with the values of the e.m.f. of several 
phosphate and borate buffers. 

Separate 10 cc. samples of octopine in 0.1 m solution were 
used for the determination of the curve in the acid and alkaline 
regions, the titrations being carried out by the use of a micro- 
burette graduated in 0.01 cc. with 6.5 N HCl and NaOH, respec- 
tively. These data are recorded in Tables I to III and in Fig. 1 
which also shows the curve of arginine (from Birch and Harris 
(3)) for comparison. Both curves have been corrected for the 
buffering effect of water. 
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The following equations were used in calculating values for the 
pK' of the various g^'oups: 


pK'-pH + log 


[Clj - (H^)/y 
[C] - (tCl-l - (H+)/t) 


( 2 ) 


pK' 


pH - log 


[Na+l - (OH-)/y 
[C l - ([Na+] - (0H-)/7) 


(3) 


in which [C] is the total amino acid concentration, [Na+] and 
[Cl“] are the concentrations of sodium and chloride, in moles 
per liter, and (H+) and (OH~) are the activities of the hydrogen 
and hydroxyl ions. These equations make allowance for the 
buffering effect of water. Each value for the activity coefficient 



Fia. 1. Titration curves of octopine and arginine. The solid line repre- 
sents octopine; the broken line, arginine (from Birch and Harris (3)). 

(7), used in solving the above equations, was calculated on the 
basis of the total concentration of sodium (or chloride) present 
at the reading in question, and was assumed to be the same as 
for an equal concentration of NaOH or HCl in water alone. 
These values of 7 for NaOH and HCl were taken from the papers 
of Hamed (5) and Noyes anti Macinnes (12), respectively, and 
are recorded in Tables I to III. 

It may be seen from the curve for octopine (Fig. 1) that there 
is no plateau between the two groups represented by the acid 
portion of the curve (the carboxyl groups according to the zwittw 
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ion hypothesis). This indicates that the carboxyls are of the 
same or nearly equal strengths and necessitates a consideration 
of both possibilities in the calculation of the apparent dissociation 
constants of the groups. First, assummg that they were of the 
same strength, the pK' was calculated from the data for the acid 
region of the curve. This pK' was not sufficiently constant and 
showed a systematic variation. This was considered to be an 
indication that the groups were probably not of the same strength. 
Therefore, we next made the other possible assumption; i.c., that 


Table I 


Calculation of of Octopine 


pH 

Volume 
of HCl 

lCl-1 

(total) 

y 

(H^)/7 

IC1-] - 

[C] 

pK'a, 

6.26 

ce. 





0.1000 


3.74 

0.095 

0.0047 

0.97 

0.0002 

0.0045 

0.0991 

2.41 

3.44 

0.170 

0.0083 

0.94 

0.0004 

0.0079 

0.0985 

2.38 

3.36 

0.204 

0.0097 

0.93 

0.0006 

0.0092 

0.0979 

2.38 

3.25 

0.258 

0.0125 

0.93 

0.0006 

0.0119 

0.0975 

2.39 

3.17 

0.303 

0.0147 

0.92 

0.0007 

0.0140 

0.0970 

2.39 

3.08 

0.358 

0.0172 

0.91 

0.0009 

0.0163 

0.0966 

2.39 

3.05 

0.437 

0.0209 

0.90 

0.0010 

0.0199 

0.0960 

2.47 

2.87 

0.635 

0.0252 

0.89 

0.0016 

0.0237 

0.0952 

2.39 

2.77 

0.634 

0.0297 

0.88 

0.0019 

0.0276 

0.0943 

2.39 

2.69 

0.732 

0.0339 

0.88 

0.0023 

0.0316 

0.0934 

2.40 

2.65 

0.924 

0.0420 

0.87 

0.0032 

0.0388 

0.0916 

2.41 

2.44 

1.150 






2.40 ( average ) 

2.27 

1.428 







2.10 

1.794 








the carboxyls were of unequal but closely similar strengths. The 
dissociation constants of these groups were then calculated by a 
method similar to that of Hastings and Van Slyke (6). By this 
method, pK'xj was calculated from the data for the extreme upper 
portion of the acid range of the titration curve, assuming that 
this part was due entirely to the second carboxyl and was unaf- 
fected by the first. This assumption is more valid when the dif- 
ference between the strengths of the groups is great. Therefore, 
the accuracy of the apparent dissociation constants calculated by 
this method depends both upon the validity of the assumption 
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just made and the accuracy of the pH determinations. The data 
for the calculation of pK'^, are recorded in Table I. This 
value of pK'a, (2.40) was then used for the calculation of 
the amounts of HCl used in repressing the ionization of the 
second carboxyl of octopine in the region of the curve where 
the two acidic groups overlap in their effect. With the values of 
pH and [C] given in columns (a) and (g) of Table II, these quan> 


Table II 


Calculation of of Octopine 


pH 

Volume of 

(CM (total) 

y 

1 (H+)/y 

(a) 

HCl (6) 

ic) 

id) 

(e) 

1.97 

ee. 

2.119 

0.0869 

i 0.84 

0.0127 

1.92 

2.263 

0.0918 

0.83 

0.0146 

1.82 

2.568 

0,1015 

0.82 

; 0.0202 

1.72 

2.884 

0.1114 

0.82 

0.0233 

1.63 

3.203 

0.1209 

0.82 

0.0286 

1.66 

3.616 

0.1291 

0.82 

0.0337 

1.46 

4.037 

0.1432 

j 0.81 

0.0438 

1.41 

4.226 

0.1479 

0.81 

0.0481 

[Cl 1 ~ (H>)/t 

[C] 

((Cli-(H^)/r)t 

calculated 

(lCM~(H^)/7)i 

J -(/)~(A) 


if) 

(?) 

ih) 

O') 

(;) 

0.0742 

0.0824 

0.0601 * 

i 0.0141 

1.28 

0.0772 

0.0816 

0.0614 

0.0158 

1.30 

0.0813 

0.0796 

0.0636 

0.0177 

1.26 

0.0881 

0.0776 

0.0643 

0.0238 

1.37 

0.0923 I 

0.0767 

0.0643 

0.0280 

1.40 

0.0964 

0.0739 

0.0645 

0.0309 

1.41 

0.0994 

0.0712 

0.0642 

0.0352 

1.44 

0.0998 

0.0703 

0 0639 

0.0359 

1.42 

1 .36 ( average ) 


titles of HCl for the second group were calculated from Equation 
2 , being equal to the expression ([Cl*"] — (H'^)/7)2. They are 
recorded in column (A) of Table II. These values were then sub- 
tracted from the corresponding quantities of ([Cl'"] — (H^)/7) 
determined from the total HCl added to the solution at a 
particular pH and recorded in column (/). The difference is 
([Cl*"] — (H+)/7 )i (column (t)) which corresponds to the HCl 
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for the repression of the ionization of the first carboxyl at a par- 
ticular pH. These values with the corresponding ones for [C] and 
pH were used in calculating pK'^i (column (j)) with Equa- 
tion 2. 

Since this method of calculating the apparent dissociation 
constants of the two carboxyls involved an assumption that the 
extreme upper portion of the acid curve was due solely to the 
second group and was unaffected by the first, we have attempted 
to test the accuracy of the calculated constants. When two 
theoretical curves were drawn by the use of these constants and 
then combined, the combined curve agreed well with the experi- 


Table III 


Calculation of pK' of Octopine 


pH 

Volume 
of 0.602 N 
NaOH 

{Na+l 

(total) 

7 

(0H-)/7 

/oh-)7^ 

ICl 

pK'b, 

6.35 

7.36 

0.000 

0.076 

0.0038 

0.95 

2.48 X 10-^ 

0.0038 

0.100 

0.0993 

8.76 

7.70 

0.153 

0.0076 

0.94 

5.36 X 10-’ 

0.0076 

0.0985 

8.78 

7.86 

0.223 

0.0109 

0.92 

7.92X10'^ 

0.0109 

0.0978 

8.76 

8.01 

0.305 

0.0148 

0.90 

1.15X10~» 

0.0148 

0.0970 

8.75 

8.25 

0.478 

0.0229 

0.88 

2.05 X 10“« 

0.0229 

0.0955 

8.75 

8.59 

0.824 

0.0382 

0.85 

4.60X10“® 

0.0382 

0.0924 

8.74 

8.92 

1.178 

0.0531 

0.82 

1.01 X 10“® 

0.0531 

0.0895 

8.76 

9.06 

1.315 

0.0583 

1 0.81 

11.43X10“® 

0.0583 

0.0884 

8.77 

9.27 

1.498 

0.0655 

i 0.80 

2.02X10“® 

0.0655 

0.0871 

8.79 

9.60 

1.620 

0.0699 

0.80 

5.01 X 10“* 

0.0698 

1 0.0860 

8.96 

9.83 

1.798 

0.0766 

! 0.79 

8.59 X 10“® 

0.0765 

0.0848 

8.86 


mental acid curve. This indicates that, within the limits of the 
errors of the determinations, the constants seem to be reasonably 
accurate. 

The imino group of octopine has a pK' of 8.76 as calculated 
from Equation 3 and recorded in Table III. This group is more 
weakly basic than the a-amino group of arginine (pK' 9.09 accord- 
ing to Birch and Harris (3)). Because of the great difficulty 
involved in the precise measurement of pH in the very alkaline 
region, the pK' for the guanidine group of octopine was not deter- 
mined accurately. However, it appears to be somewhat less than 
13 on the basis of the measurements attempted in that region. 
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in determining the titration curve of octopine. 

SUMMABY 

A synthesis of the natural isomer of octopine has been described. 
The titration curve of octopine has been determined and the 
apparent dissociation constants calculated. The pK values for 
the two carboxyls are 1.36 and 2.40; those for the two basic groups 
are 8.76 and somewhat less than 13. 
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STUDIES ON OCTOPINE 


II. THE NITROGENOUS EXTRACTIVES OF SQUID AND 
OCTOPUS MUSCLE* 

By J. LOGAN IRVIN and D. WRIGHT WILSON 

{From the Department of Physiological Chemistry ^ School of Medicine, 
University of Pennsylvania, Philadelphia) 

(Received for publication, November 6, 1938) 

Creatine in vertebratea (8, 7) and arginine in invertebrates 
(19, 15) have been shown to be involved in muscle metabolism. 
However, besides arginine other guanidine compounds have been 
isolated from the muscle of certain invertebrates. Guanidine 
and agmatine were found in extracts of the sponge, Geodia gygaa 
(2). Ackermann (1) has obtained from the starfish asterubine, 
which he has identified as dimethylguanidotaurine. Kutscher, 
Ackermann, and collaborators (14, 16, 17) have isolated from the 
muscle of Area nose arcaine, which was shown to be tetramethyl- 
ene diguanidine. Morizawa (21), working with Octopus octopodia, 
obtained no arginine but guanidine and a base which he called 
octopine, Henze (9) may have isolated the latter compound pre- 
viously from octopus. 

Octopine was isolated from scallop muscle in 1934 by Moore 
and Wilson (20). The structure was determined by them and 
has been confirmed by syntheses made by Akasi (4) and ourselves 
(12), working independently. Mayeda (18) has recently reported 
the isolation of octopine from the Japanese scallop, Pecten yessam- 
sis. Most recently, Ackermann and Mohr (3) have obtained 
arginine, octopine, and agmatine from Eledone moscheUa. 

In the course of the present study, the extractives of the muscle 
of the squid, LoUgo pealitf and of the octopus, Octopus vulgaris, 
have been investigated. We were chiefly interested in the guan- 
idine compounds in these extractives, but other fractions of the 

* A preliminary report of this work was presented before the American 
Society of Biological Chemists at Baltimore, April 2, 1938 (11). 
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octopus muscle extract were studied for comparison with the re- 
sults of investigations on the closely related species, Octopus oc- 
topodia, reported by Morizawa (21). 

EXPERIMENTAL 

Isolation of Arginine and Octopine from an Extract of Squid Mus- 
cle — The squid, Loligo pealiiy had been preserved on ice for several 
days after the date of capture. A 50 gm. sample of the hashed 
mantle and tentacle of the squid was extracted repeatedly with 
10 per cent trichloroacetic acid. After neutralization with sodium 
hydroxide, the solution was analyzed for guanidine bases by the 
Sakaguchi method as employed by Moore and Wilson (20) and for 
arginine by the arginase-urease procedure of Hunter and Dauph- 
inee (10). The analyses indicated 0.37 gm. of arginine per 100 gm. 
of muscle and 0.45 gm. of guanidine compounds by the Sakaguchi 
method calculated as arginine. The difference, 0.08 gm., indicated 
that octopine or some similar compound was present in addition to 
arginine, since octopine gives a color with the Sakaguchi reagents, 
but cannot be hydrolyzed and determined by arginase extracts 
prepared from hog liver. 

For the purpose of isolation, a 2500 gm. portion of the ground 
mantle and tentacle of the squid was extracted with warm water 
several times, and the combined extracts were freed of protein and 
glycogen with alcohol, and then fractioned as described by Moore 
and Wilson (20) for the isolation of arginine and octopine with the 
exception of the omission of the mercury precipitation. 16.1 gm. 
of arginine flavianate (5.7 gm. of arginine) and 1.5 gm. of octopine 
picrate (0.78 gm. of octopine) were obtained from the arginine 
fraction. 

The arginine flavianate was converted to the monohydrochlo- 
ride by the method of Cox (6). The product melted at 220® and 
a mixture with a known sample showed no depression. 98 per 
cent of the expected amount of ammonia was obtained by the ar- 
ginase-urease method. 

C 6 HUN 4 O 2 HCI. Calculated, N 26.59, NH,-N 6.65 
Found. 26.37, 6.69 

The octopine picrate melted with decomposition at 226® and a 
mixture with a known sample gave no depression. The picrate 
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did not contain water of cr 3 rBtaIlization and no amino nitrogm was 
found by the Van Slyke method. 

CtHuN 404 *C«H»N| 07 . Calculated. N 20.63, picric acid 48.2 
Found. ‘*20.35, ** ** 48.1 

Free octopine was obtained by the usual method. The material 
crystallized in small clustered needles identical in appearance with 
those of octopine. It melted with decomposition at 264®, and a 
mixture with a known sample showed no depression. The com- 
pound contained no water of crystallization. 

C 9 H 18 N 4 O 4 . Calculated, N 22.76; found, N 22.61 

The copper nitrate salt was prepared according to the method 
of Akasi (4). It crystallized in the form of pale blue needles con- 
taining 2 molecules of water. After the removal of the water of 
crystallization, the compound was analyzed for copper. 

C 9 Hi 8 N 404 *Cu(N 0 i) 2 . Calculated, Cu 14.66; found, Cu 14.52 

A hitherto undescribed copper compound of octopine was pre- 
pared as follows: An excess of an aqueous suspension of freshly 
precipitated copper hydroxide was added to a small amount of a 
concentrated solution of octopine. The mixture was heated for 10 
minutes and filtered while hot. The clear deep blue solution was 
evaporated to a thin syrup in a vacuum desiccator. On long 
standing in the cold, the copper salt of octopine crystallized in the 
form of small, light blue needles. The recrystallized material 
melted with decomposition at 223-227®. It was moderately sol- 
uble in water. After the removal of the 2 moles of water with 
which the compound crystallizes, it gave the following analyses. 

(C9Hi7N404)iCu. Calculated. Cu 11.48, N 20.23, octopine 89.06 
Found. “ 11.29, “ 19.93, ** 88.41 

Octopine was determined by the Sakaguchi method after removal 
of the copper. 

A nickel compound of octopine was prepared in a similar man- 
ner. The compound did not melt below 290® and contained 87.1 
per cent octopine as determined by the Sakaguchi method. 

A reineckate of octopine was obtained by adding a slight excess 
of a cold saturated solution of Eeinecke salt to 0.3 gm. of octopine 
dissolved in a small amount of 0.1 n HCl. The salt crystallized 
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in the form of pink; plates which tended to form clusters. It was 
filtered on a microsuction funnel and washed with small portions 
of ice-cold 0.1 n HCl. A yield of 0.22 gm. was obtained. The 
reineckate of octopine is not precipitated in neutral solution and 
is much more soluble than that of arginine. The salt was analyzed 
for octopine by the Sakaguchi method after removal of the Rein- 
ecke acid by extraction from an acid solution with a mixture of 
amyl alcohol and ether. An octopine standard solution was used 
for comparison. 

C 9 Hi 8 N 404 H(Cr(SCN) 4 (NH,) 2 ). Calculated. Octopine 43.6 

Found. “ 43.1 


Table I 

Nitrogen Partition of Squid Muscle Extract 



N per 100 gm. muscle 

Total 

N in frao- 

Fraction 

“Arginine” 

Nby 

Sakaguchi 

method 

Amino N 

Total N 

1 

tion to total 
extractive 
N 


gm. 

gm. 

gm. 

per cent 

Total extract 

0.138 

0.236 

0.613 i 

100 

Purine 


0.001 

0.031 

5.1 

Histidine 


0.005 

0.019 

3.1 

Arginine filtrate 


0.191 

0.419 

68.4 

“ (total) 

0.130 

0.030 

0.125 

20.4 

“ phosphotungstate pre- 
cipitate 

i 0.117 

0.025 

0.113 


Flavianate filtrate (octopine) 

0.014 

0.000 

0.011 



Nitrogen Partition of Squid Muscle Extract-~2b0 gm. of mantle 
and tentacle from the squid were ground and extracted five times 
with 300 cc. portions of water warmed to 75®. Protein and glyco- 
gen were removed from the solution by the addition of alcohol. 
After repeated evaporation of the filtrate for the removal of al- 
cohol, the solution was freed of ammonia by boiling under reduced 
pressure after being made slightly alkaline with barium hydroxide. 
Then the solution was analyzed for total nitrogen by the Kjeldahl 
method, for amino nitrogen by the Van Slyke procedure, and for 
guanidine bases by the Sakaguchi method as used by Moore and 
Wilson (20). The results of these analyses are given in the first 
line of figures of Table I. The solution was then fractioned by the 
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KoBsel and Kutscher prooedure with solver sulfate and barium 
hydroxide. Fom fractions were obtained : purine (pH 3), histidine 
(pH 7 to 7.2), arginine (pH 10), and arginine filtrate (the fracticm 
not precipitated by silver and baryta). After removal of silver 
from each fraction with hydrogen sulfide, the solutions were 
analyzed for total and amino nitrogen. A Sakaguchi analysis 
was carried out on the arginine fraction. All results are recorded 
in Table I. The arginine fraction was precipitated with phospho- 
tungstic acid. After centrifuging and washing, the precipitate 
was decomposed with barium hydroxide in the usual manner, and 
barium was removed with sulfuric acid. Kjeldahl, Van Slyke 
amino nitrogen, and Sakaguchi analyses were made on the phos- 
photungstic acid fraction. Then the arginine in the solution was 
removed with flavianic acid. After extraction of the excess flavi- 
anic acid from the filtrate, the solution was analyzed as before. 
The results are recorded in Table I. In the last column are listed 
the percentages of total extractive nitrogen as divided among the 
various fractions. 

It can be seen that the arginine filtrate fraction contains the 
greatest percentage of the total extractive nitrogen, while the 
arginine fraction contains the next largest amount. The analyses 
indicate that the arginine fraction consists of one or more com- 
pounds in addition to arginine. As described above, octopine has 
been isolated from this fraction and its presence may explain the 
results. 

Nitrogerums Extractives of Octopus Muscle — The octopus mus- 
cle used in this work was from the arms of several animals sent to 
us from Bermuda by Dr. F. G. Wheeler. The muscle had been 
preserved in 95 per cent alcohol, but had not been weighed while 
fresh. The preserved muscle weighed 2576 gm., which was im- 
doubtedly less than the weight of the fresh tissue. The alcohol 
preservative was concentrated by vacuum distillation and the 
residue was added to the main extract. 

The isolation procedure is not given in great detail, since the 
methods have been described before. The hashed muscle was ex- 
tracted repeatedly with warm water, and, after concentration, 
protein was removed from the solution with tannic acid. Excess 
tannic acid was removed in the usual way, and the solution was 
treated with phosphotungstic acid. The filtrate from the phos- 
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photungstate was evaporated to a small volume after removal of 
phosphotungstic acid. On standing in the ice box overnight, 
taurine precipitated in the form of thick needles. The recrystal- 
lized compound contained sulfur and gave the following anal 3 rses. 

CjHtNOiS. Calculated. N 25.63, NH,-N 26.63 
Found. “ 25.41, 25.36 

The acidified taurine filtrate was extracted repeatedly with ether. 
From the combined ether extracts a small amoimt of a zinc salt was 
prepared. It gave a positive Uffelmann lactic acid reaction and 
was optically inactive in aqueous solution. 

The solution which had been extracted with ether was acidified 
with hydrochloric acid and boiled for 3 hours on a water bath. 
The solution gave a negative Jaffe reaction for creatinine. This 
experiment contrasts with that of Morizawa who reported the 
presence of creatinine in a muscle extract of Octopm octopodia 
treated in the manner just described. 

The phosphotungstic acid precipitate was decomposed with 
barium hydroxide in the usual manner. After the removal of 
excess barium, the solution was fractioned with silver nitrate and 
barium hydroxide according to the Kossel and Kutscher procedure. 
Four fractions were obtained: purine (pH 3), histidine (pH 7 to 
7.2), arginine (pH 10), and lysine (the fraction not precipitated 
by silver and baryta). The lysine fraction was freed of silver and 
barium and was reprecipitated with phosphotungstic acid. 

Purine Fraction 

Separation of the constituents of this fraction was accomplished 
by the method of Kruger and Schittenhelm (13). A picrate melt- 
ing with decomposition at 282® was obtained and identified as 
adenine picrate. 

CftHeNs-CeHiNiOj. Calculated, N 30.77; found, N 30.56 

A sample of the compound gave a positive Kossel test after re- 
moval of picric acid with ether. 

Hypoxanthine was obtained as the nitrate which formed char- 
acteristic crystals with curved edges, the so called whetstone 
crystals. Some of the material was converted into the picrate 
which decomposed at 257® after recrystallization. 

C.H 4 N 40 CiH,N,0t. Calculated, N 26.85; found, N 26.67 
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Arginine Fraction 

The details of the isolation of the constituents of this fraction 
are presented, since this was the fraction in which we were most 
interested. The silver precipitate was suspended in water, made 
acid with sulfuric acid, and decomposed with hydrogen sulfide. 
The silver sulfide was centrifuged and washed several times with 
equal volumes of water. The filtrate and washings were made 
faintly acid to Congo red with sulfuric acid and were treated with 
a concentrated solution of flavianic acid until precipitation was 
complete. The flavianate which separated on standing overnight 
had the t3rpical plate-like form of arginine flavianate. The ar- 
ginine flavianate was converted to the monohydrochloride by the 
method of Cox (6). This salt melted at 222® with decomposition 
and a mixture with a known sample showed no depression. 98.6 
per cent of the expected amount of ammonia was obtained by the 
arginase-urease method. 

C»HuN40rHCl. Calculated. N 26.69, NH,-N 6.66 
Found. 26.47, ** 6.59 

The flavianate filtrate was freed of flavianic acid by extraction 
with butyl alcohol-ether mixture after the addition of sulfuric acid 
to a concentration of 5 per cent. After removal of sulfate with 
barium hydroxide, the solution was evaporated in vacuo to a thin 
syrup, and alcohol was added to a concentration of 80 per cent. 
On standing overnight in the ice box, a white crystalline material 
separated out in the form of small clustered needles. After several 
recryTstallizations, the compound melted at 264®, and a mixture 
with a known sample of octopine gave no depression. The spe- 
cific rotation of the compound in aqueous solution was +20.1®. 
The material was neutral to litmus and gave no free amino nitro- 
gen when analyzed by the Van Slyke method. 

C,Hi«N 404 . Calculated, N 22.76; found, N 22.41 

With picric acid the compound formed yellow anhydrous needles 
melting with decomposition at 227®. The melting point of a mix- 
ture with octopine picrate was not depressed. 

CiHi 8 N 404 *C«H|N| 0 T. Calculated. N 20.63, picric acid 48.2 
Found. 20.29, ** 48.3 

The compound gave a theoretical analysis by the Sakaguchi 
method as used by Moore and Wilson (20). The color given 
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with the Sakaguchi reagents was the typical purple color given by 
octopine. Hog liver arginase preparations did not produce urea 
from the compound, and a positive Liebermann test for secondary 
amines was obtained. 

The picrolonate of the compound crystallized as burrs of small 
yellow needles. It melted with decomposition at 237®, and a mix- 
ture with a known sample of octopine picrolonate gave no depres- 
sion. All these data demonstrate that the compound was oc- 
topine. 

The filtrate from the precipitation of octopine with alcohol was 
then investigated. The remaining traces of octopine were pre- 
cipitated with mercuric sulfate and additional alcohol. The 
filtrate was freed of alcohol through evaporation in vacuo^ of 
mercury by hydrogen sulfide, and of sulfate with barium hydrox- 
ide. The solution was analyzed by the Sakaguchi, the Van 
Slyke amino nitrogen, and the arginase methods. The Saka- 
guchi analyses indicated about 0.2 gm. of guanidine compounds, 
calculated as arginine, when an arginine standard was used. How- 
ever, the arginase determination indicated that arginine was 
almost completely absent. The Van Slyke amino nitrogen deter- 
mination, calculated as arginine for comparison with the Saka- 
guchi analysis, was about 0.13 gm. These analyses seemed to 
indicate the presence of one or more non-arginine compounds 
giving a positive Sakaguchi reaction. Some material containing 
free amino nitrogen was also present. Since Ackermann and 
Mohr (3) had obtained agmatine from the arginine fraction of an 
extract of Ehdone moachataj we examined our extract for this 
compound. For this purpose we employed a procedure involving 
the formation of benzylidene agmatine. It was produced by the 
general method of Bergmann (5) for amino acids. The com- 
pound was then extracted with ether, decomposed by acid hydroly- 
sis, and agmatine was obtained finally as the picrate. The details 
of our procedure are given below. 

The solution (15 cc. volume) was treated with sodium hydroxide 
until a concentration of 5 per cent was reached. After cooling to 
0® in an ice bath, 1 cc. of benzaldehyde was added and the mixture 
was stirred mechanically for 12 hours. The alkaline solution was 
then extracted four times with 100 cc. portions of ether. The 
ether extract was acidified with dilute sulfuric acid, the ether was 
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evaporated under reduced pressure, and the solution was heated 
gently on the water bath for 1 hour in order to hydrolyze the 
benzylidene agmatine. After cooling, the solution was treated 
with phosphotungstic acid in 5 per cent sulfuric acid for the pre- 
cipitation of agmatine. The phosphotungstate was decomposed 
with barium hydroxide in the usual manner. An excess of a 
saturated solution of picric acid was added to the barium-free 
solution, and on standing in the ice box overnight, an orange- 
colored picrate crystallized in the form of leaves. After re- 
crystallization, the picrate melted with decomposition at 236® 
and a mixture with a known sample of agmatine picrate showed no 
depression. 

CJIi 4 N 4 (CiH,N| 07 )i. Calculated. N 23.81, NHr-N 2.38, picric acid 77.88 
Found. 23.59, 2.32, ‘‘ 77.31 

Lysine Fraction 

From the lysine fraction betaine was isolated as the picrate* 
After recrystallization, the picrate melted at 182® and gave the 
following analyses. 

CftHiiN0i C«H|Ni 07 . Calculated. N 16.19, picric acid 33.83 
Found. ** 16.08, “ 33.71 

The picrate was converted to the hydrochloride which was in- 
soluble in absolute alcohol and melted at 182® after recrystalliza- 
tion. 

C*Hi,NO, HCl, Calculated, N 9.12; found, N 9.03 
SUMMARY 

1. Both arginine and octopine have been isolated from aqueous 
extracts of the mantle and tentacle muscle of the squid, Loligo 
pealii. Three new salts of octopine are described. 

2. The nitrogen partition of the extractives of squid muscle has 
been determined. 

3. Taurine, adenine, hypoxanthine, betaine, arginine, octopine, 
and agmatine were obtained from an extract of the tentacle muscle 
of the octopus, Octopm wlgaris. The isolation of these com- 
pounds is in agreement with the work of Morizawa and of Acker- 
mann and Mohr on related animals. 

4. A new method for the isolation of agmatine is reported. 
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STUDIES ON OCTOPINE 


III. THE PRECURSOR OF OCTOPOTE IN AUTOLYZING 
SCALLOP MUSCLE* 

By J. LOGAN IRVIN and D. WRIGHT WILSON 

{From the Department of Physiological Chemistry ^ School of Medicine, 
University of Pennsylvania, Philadelphia) 

(Received for publication, November 5, 1938) 

Moore and Wilson (3) found that muscle dissected from live 
scallops contained large amounts of arginine and only small 
amounts of octopine. On the other hand, they found that scallop 
muscle purchased from the market contained large amounts of 
octopine and little or no arginine. This apparent reciprocal 
relationship between the concentrations of arginine and octopine 
suggests that arginine may be the precursor of octopine. The 
results of a further investigation of the problem are presented in 
this paper. 

It was found that arginine, which, in fresh muscle dissected 
from live scallops, constituted about 84 per cent of the total 
guanidine bases analyzable by the Sakaguchi method, decreased 
to about 10 per cent of the total during autolysis of the muscle 
slices for 3 days at 0®. During this period the amoimt of octopine 
increased reciprocally. These results were obtained by analyses 
and were confirmed by isolations. 

EXPERIMENTAL 

The preparation of the material was carried out in a cold room 
as rapidly as possible. The adductor muscles of live scallops, 
Peclen inageUanicus, were dissected out, and the tissue was divided 
into four portions of about 300 gm. each. Two portions of the 
tissue were sliced into pieces 2 or 3 mm. in thickness. Toluene 

* A preliminary report of this work was presented before the American 
Society of Biological Chemists at Baltimore, April 2, 1938 (2). 
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was added to one portion and omitted from the other. The 
remaining two were ground in a meat chopper and placed in 
separate flasks, toluene being added to one and omitted from the 
other. Approximately 50 gm. samples of the tissue from each 
autolyzing flask were removed immediately, weighed, ground, and 
extracted six times with 100 cc. portions of 10 per cent trichloro- 
acetic acid. The extracts were then neutralized with sodium 
hydroxide, made up to suitable volumes, and analyzed by the 
arginase-urease method of Hunter and Dauphinee (1) and by the 

Table I 

Formation of Octopine in Autolyzing Scallop Muscle 
The results (except those in Column 4) are expressed as gm. of arginine 
per 100 gm. of muscle. 


Duration of autolyeis 

(1) 

Saka- 

guchi 

determi- 

nation 

(2) 

Arginase 

determi- 

nation 

(3) 

Arginase 
to Baka- 
guchi 
determi- 
nation 

( 4 ) 

Silver-baryta fraction 

Saka- 

guchi 

determi- 

nation 

(fi) 

Arginase 
determi- 
nation of 
flavian- i 
ate ppt. 

16 ) 

Octopine 

isolated 

(7) 


gm. 

gm. 

per cent 

gm. 

gm. 

gm. 

Original slices 

0.98 

0.81 

84 

0.85 

0.69 

0.14 

Slices, 18 hrs 

1.04 

0.64 

62 

0.90 

0.56 


a 44 << 

1.03 

0.42 

41 

0.88 

0.36 


“ 65 

1,21 

0.12 

10 

1.00 

0.11 

0.71 

-f toluene, 70 







hrs 

1.11 

0.09 

8 

0.91 

0.09 

0.67 

Hashed tissue -H tol- 







uene, 73 hrs 

1.06 

0.64 

61 

0.90 

0.66 


Hashed tissue -|- tol- 







uene, 22 days 

1.05 

0.41 

39 

0.89 

0.36 

0.47 


Sakaguchi method as used in our laboratory (3). Both arginine 
and octopine give a color with the Sakaguchi reagents which can 
be quantitatively compared with the color produced by an arginine 
standard when the color filter is used. On the other hand, the 
arginase-urease method indicates the amount of arginine alone, 
since the hog liver arginase preparation does not produce urea 
from octopine. The difference between the two analyses was 
assumed to be octopine. The results of these analyses of the 
original muscle before autolysis can be seen in the first line of 
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figures in Columns 2 and 3 of Table I. The results are expressed 
in gm. of arginine per 100 gm. of muscle. The percentage of the 
total guinidine (Sakaguchi method) which is arginine is given in 
Column 4. It can be seen from Table I that before autolysis the 
amount of total guanidine as determined by the Sakaguchi method 
was equivalent to about 1 gm. of arginine per 100 gm. of muscle. 
About 84 per cent was true arginine. The remainder, or 16 per 
cent of the total, was octopine, if we assume that octopine was the 
only other compound determined by the Sakaguchi method. 

After these initial analyses, the various portions of tissue were 
permitted to autolyze in the cold room, and samples were removed 
at frequent intervals for analysis by the methods just described. 
A few of the representative determinations are recorded in the 
appropriate columns of Table I. The autolyzing flask from which 
the sample was removed, and the duration of the autolysis at the 
time of the removal of the sample, are given in Column 1. Thus 
in the tissue slices the total guanidine determined by the Sakaguchi 
method and recorded in Column 2 did not decrease during autol- 
ysis. Indeed, it apparently increased, which is to be expected if 
octopine were formed from arginine, since, with the Sakaguchi 
reagents, octopine produces a 20 per cent greater result than an 
equimolar quantity of arginine. On the other hand, the propor- 
tion of arginine in the tissue slices decreased rapidly, as indicated 
by the arginase determinations listed in Column 3. The propor- 
tion of arginine fell from an initial value of about 84 per cent of the 
guanidine by the Sakaguchi method to 10 per cent in 66 hours of 
autolysis of the slices. Reciprocally, the amount of octopine 
increased during the same period as shown by the increasing 
difference between the Sakaguchi and arginase-urease determinar 
tions, assuming that this difference is largely due to octopine. 
The autol 3 rsis of the tissue slices to which toluene had been added 
resulted in a similar formation of octopine from arginine, indicating 
that toluene does not affect the reaction. The rate of octopine 
formation was slower in the hashed tissue than in the tissue slices. 

As a check on the validity of the conclusions which were drawn 
from the results of the arginase-urease and Sakaguchi determina- 
tions, additional analyses and isolations of octopine were carried 
out on the extracts as follows: The main portions of the extracts 
(after removal of samples for the preliminary analyses) were 
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treated with silver nitrate and barium hydroxide (pH 10) in order 
to precipitate both arginine and octopine. The precjpitate was 
removed by centrifugation and was washed several times with 75 
cc. portions of saturated barium hydroxide solution. The pre- 
cipitate was suspended in water, made acid with sulfuric acid, and 
decomposed with hydrogen sulfide. The filtrate from the silver 
sulfide was analyzed by the Sakaguchi method. The value for 
this analysis, again expressed as gm. of arginine per 100 gm. of 
muscle and recorded in Column 6, gives an indication of the 
amount of loss sustained in the precipitation with silver-baryta. 
The solution was made just faintly acid to Congo red with sulfuric 
acid and was treated at the boiling point with a saturated aqueous 
solution of flavianic acid for the precipitation of arginine. After 
standing overnight in an ice box, the flavianate precipitate was 
filtered off, washed several times with small portions of dilute 
flavianic acid, dried, and weighed. Samples of the flavianate 
precipitate were analyzed by the arginase method after the 
flavianic acid was extracted with butyl alcohol and ether. The 
figures for arginine thus determined are shown in Column 6. 
These values were checked by calculation of arginine from the 
weight of the flavianate and by analysis of the flavianate samples 
by the Van Slyke amino nitrogen method. Suitable agreement 
was obtained, but the results are not recorded. All results were 
corrected for the solubility of arginine flavianate. Finally octo- 
pine was isolated as the picrate from the flavianate filtrates after 
extraction of the flavianic acid with butyl alcohol and ether. The 
amount of octopine is given in Column 7 after correction for solu- 
bility of octopine picrate. The actual figures are calculated as 
gm. of arginine in order to permit comparison with the other 
figures. The results of these additional analyses and isolations 
confirm the original conclusions drawn from the Sakaguchi and 
arginase-urease determinations. Thus in the tissue slices before 
autolysis a large amount of arginine was obtained as the flavianate, 
but only a small amount of octopine was isolated as the picrate. 
After autolysis of the slices for 65 hours, the quantity of arginine 
had decreased to a very small amount, while the prop)ortion of 
octopine had increased reciprocally, as shown by the isolation of a 
relatively large amount of this compound as the picrate. The 
octopine picrate samples were identified by comparison of melting 
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points vrith a known sample, by micnvKjeldahl analyses, and by 
isolation of the free compound after r^oval of picric acid. 

StnOiABT 

1. Evidence has been presented that ar^nine is the precursor 
of octopine in autolyzing scallop muscle. 

2. The rate of formation of octopine is more rapid in sliced than 
in hashed tissue. 
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THE HEAT OF OXYGENATION OF HEMOGLOBIN 

By JEFFRIES WYMAN, Jr. 

[From the Biological Laboratories f Harvard University y Cambridge) 
(Received for publication, November 17, 1938) 

Measurements of the heat of the reaction of hemoglobin with 
oxygen have been carried out by a number of investigators. The 
most comprehensive work appears to be that of Roughton and 
his collaborators (1, 2) who have studied the problem both by a 
direct calorimetric method and by application of the van^t Hoff 
equation to observations on the effect of temperature on the dis- 
sociation pressure of oxyhemoglobin. Their measurements were 
carried out at pH 6.8 and 9.5. At both pH values the heats 
obtained by the two methods agree to within the errors of the 
experiments. The directly measured heat of reaction of 1 mole 
of oxygen with a large amount of hemoglobin is found to be in- 
dependent of the percentage saturation of the hemoglobin with 
oxygen. This accords with the fact that the oxygen dissociation 
curves obtained at a given pH but at different temperatures may 
all be made to coincide by proper choice of the scale of oxygen 
pressure for each. The heat liberated per mole of oxygen at 
pH 6.8 is 9350 calories; that at pH 9.5 about 13,000 calories. 
The difference is attributed to the heat of the dissociation of hy- 
drogen ion which accompanies oxygenation at pH 6.8 but not at 
9.5. The same results were obtained vdth solutions of purified 
hemoglobin as with whole blood and laked blood. 

In the present paper we shall deal also with the problem of the 
heat of oxygenation of hemoglobin, but from a somewhat more 
general point of view and on the basis of additional data. We 
shall consider in particular how this heat varies with pH over the 
entire range from pH ^ 3 to pH ^11. From this we shall be 
led to questions involving the nature and number of the groups 
whose acid strength is affected by oxygenation. Finally we shall 
deal with free energy of oxygenation in its relation to pH. The 
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study will be confined to solutions of crystallized hemoglobin of 
the horse. 

It is known from determinations of molecular weight that 
each molecule of hemoglobin is capable of combining in all with 
4 molecules of oxygen. It follows from this that the most gen- 
eral expression for the percentage saturation of hemoglobin 
with oxygen, in terms of p, the partial pressure of the oxygen, 
is that given by Adair (3) in terms of four equilibrium con- 
stants L. 

. . y Li p 4- 2L,* ^ ps ^ 4x^^4 p* 

^ ^ 100 ” 4(1 4- P -f Wp* 4* Ls*p» -f Li*p*) 

In general, at any given partial pressure of oxygen, the hemo- 
globin will be present in five different forms distinguished by the 
number (0, 1, 2, 3, 4) of molecules of oxygen combined with each 
molecule of hemoglobin. If we refer to these by Hb, Hb02 . . . 
Hb( 02 ) 4 , we may say that Li, L 2 ^ Ls*, refer to the equilibria 
between Hb and Hb02 . . . Hb(02)4 respectively. Actually it is 
possible to fit the experimental results very exactly by Equation 1 
(4). Since each L is then found to be different from zero it 
follows that all five forms of hemoglobin are in fact present. Each 
L is made up of the individual constants describing the equilibria 
of the four distinct oxygen-combining groups of the hemoglobin 
molecule, but this does not affect the generality of Equation 1 
which holds whether or not the different groups have different 
constants and whether or not the constant of each group is af- 
fected by oxygenation of the other groups. It is known from 
experiment that, for a given value of p, y varies with pH as well 
as with temperature. This means that there is an interaction 
between some at least of the groups which dissociate hydrogen 
ions and those which combine with oxygen, and shows that we 
must regard each L as a function of pH as well as of the tempera- 
ture. 

There is a particular feature of the effect of temperature and of 
pH on the oxygen dissociation curves which leads to a very simple 
relation between p and the L^s and is of the first importance for 
our problem. It is shown by the work of Ferry and Green (5) 
and by that of Roughton and his collaborators (2) that the oxy- 
gen dissociation curves obtained at a given temperature but at 
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different pH values, or at a given pH but different temperatures, 
may all be made to coincide if in each case the values of p are 
multiplied by a suitably chosen constant. It follows from this 
that 

(2) / a In LA / a In l/p \ 

\ ar \ ar /ph“\ ar /pH,» 

and 

(3) (^J^\ 

VapH/r \apH/r VapH/r,» 

A formal proof of these almost self-evident relations is the 
following. Equation 1 shows that y is a zero order homogeneous 
function of Li, ... Li and 1/p. Consequently 


(4) f- , Q 

d In Li d In Li d In 1/p 

Consider now the effect of changing the temperature by a factor 
a from T to aT while pH is kept constant. Then we know that 
y remains unchanged if at the same time we multiply all the values 
of p by a factor which depends only on T and a but not on 
p (or y). Thus 

(5) y{T, p) = y(aT, ^p) 


By differentiating y with respect to a and then letting a = 1, 
we obtain 


{dfi/da)a^i depends only on the temperature and may be written 
as Tf{T), Equation 6 may then also be written in the form 



Combination of this with Equation 4 gives 

<» 
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Since this equation holds for all values of p and T, while the ex- 
pressions in parentheses depend only on T, and since, as may be 
seen from Equation 1, each of the quantities dy/d In Li, ... 
dy/d In L\ is a function of p of higher degree than the preceding, 
it follows that each of the expressions in parentheses must vanish 
and therefore that 


(8-a) 


9 In Li 9 In Lj 
dT ” dT 


“/(T) 


At the same time it follows from Equation 6 and the definition 
of /(T) that 


(9) 


sm = 


\dT)p\ dy dT )y 


Consequently we have what we set out to prove; namely, Equa- 
tion 2. Exactly the same procedure, in which pH is substituted 
for Tj leads to Equation 3. 

Let us now introduce the symbols Qi, Q2, Qs, Qa to refer to the 
amounts of heat absorbed due to the combination of 1, 2, 3, and 
4 moles of oxygen respectively with 1 mole of hemoglobin at 
constant temperature and pH. Then, since by the van^t Hoff 
equation 


( 10 ) 


Qi « RT^ 


9 In Li 
dT ' 


Q, « RT^ 


9 In W 
dT 


, etc. 


it follows from Equation 2, if we change from natural to Briggsian 
logarithms, that 

This means that the heat absorbed is the same for each stage of 
the process involving the combination of 1 mole of hemoglobin 
with 4 moles of oxygen and equal to one-quarter of the total 
heat Q absorbed in the whole process. 

Let us next introduce the symbols Br, Bi, ... B4 to denote the 
number of equivalents of base bound at any given temperature 



J. Wyman, Jr. 


586 


and pH per mole of Hb, HbOs, . . . Hb(Oi)4 respectively. We 
have shown in a previous paper (6) that 


( 12 ) 


a logLi 
a pH 


Bi — Br, 


a log Lt 
a pH 


Bt-Br 

2 


etc. 


Consequently it follows from Equation 3 that 



This shows that the shift in base bound per mole of hemoglobin 
produced by combination with each successive mole of oxygen 
is the same and equal to one-quarter of the total shift AB pro- 
duced by complete oxygenation. 

We are now in a position to write a general expression for the 
variation of the heat of oxygenation with pH. Since 

apHV dT / dT\ d pH J 


it follows from Equations 11 and 13 that 

( 14 ) ^ = 2.303 RT^( ^ ^ 

a pH \dT /pH 

We shall make use of this equation, together with experiments to 
be described presently, in order to determine the variation in the 
heat of oxygenation from pH 4 to ---^11, and in particular to 
answer the question whether this variation can be accounted for 
by the heat of hydrogen ion dissociation which is known to be 
coupled with oxygenation within this range. For this purpose, 
however, we shall employ Equation 14 in an integral form. Let 
Qo be the heat of oxygenation at some strongly acid pH = pH*, 
where the acid dissociation of the protein is unaffected by oxy- 
genation and AB = 0, and Qx the heat at some other pH = pH, 
where AB = AB„ then 
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If we make use of the identity 

/aAB\ /aAB\ /apH\ 

V ar /pH \a pH/tV ar /ab 

and integrate by parts, we obtain 


(16) 


Q» Qo 
aB. 





In order to determine the effect of temperature on AB, titra- 
tion curves of oxygenated and reduced hemoglobin of the horse 
have been made at three temperatures : 7°, 25®, and 38®. Crystal- 
line protein was prepared from red blood cells kindly furnished by 
the Massachusetts Antitoxin and Vaccine Laboratory by the 
same procedure as in earlier studies (6, 7). This was dissolved 
in 0.3 M NaCl to give the stock solutions used for the titrations. 
These solutions were always kept in the cold and aliquots were 
withdrawn for titration as the experiments proceeded. The total 
concentration of protein in each solution was determined by nitro- 
gen analysis. It varied between 74 and 101 gm. per liter. The 
percentage of inactive hemoglobin was determined at the end 
of each experiment on the basis of a determination of oxygen 
capacity with a Van Slyke apparatus, as in earlier studies (6, 7). 
In one experiment this amounted to 10 per cent.^ In all the 
other experiments it was 2 per cent or less. No attempt was 
made to allow for it in calculating the amount of base bound by 
oxyhemoglobin, since the corrections involved are less than the 
experimental error. 

Titrated aliquots of solution were divided into two parts, one 
of which was reduced, the other oxygenated, before injection into 
the electrode, in accordance with a procedure already described 
(6, 7). During titration enough water was always added to each 
aliquot in addition to acid or base so that the total dilution was 
always the same. This involved an increase of volume to 132 
per cent of the initial volume. The pH was measured with a 
glass electrode. The details of the measurements, including the 


^ The experiment at 7®, represented by squares in Fig. 1. 
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temperature control and the calibration of the electr^e with 
standard buffers, were the same as in an earlier study (7). 



Fig. 1. Titration curves of oxygenated and reduced hemoglobin at 
different temperatures. The ordinates represent equivalents of base per 
mole (66,800 gm.) of hemoglobin. For 25® the squares represent reduced 
hemoglobin, the circles oxygenated hemoglobin. For 7® and 38® all points 
plotted are for reduced hemoglobin, and different symbols correspond to 
different experiments. 

The results of seven experiments are shown in Fig. 1. The 
quantity which is directly measured in these experiments is pH 
and the significant feature of the results is the difference in pH 
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of a given titrated aliquot in the reduced and oxygenated condi- 
tions. In combining the results of different experiments at the 
same temperature a complication arises due to the fact that there 
are nearly always minor differences of shape in the titration 
curves, whether of oxygenated or reduced hemoglobin, obtained 
with different preparations. For this reason, in the case of the 
measurements at 7° and at 38®, which involve different stock 
solutions and preparations, we have constructed a composite 
titration curve for oxyhemoglobin at each of the two tempera- 
tures by drawing in free-hand a curve based on all the observa- 
tions on oxyhemoglobin at that temperature. In Fig. 1 there- 
fore no points are shown for oxyhemoglobin at 7® and 38®. The 
only points which are plotted are for reduced hemoglobin. They 
are located with reference to the composite curve for oxyhemo- 
globin at each temperature from the observed difference of pH 
of the oxygenated and reduced forms. The ordinate of each is 
of course fixed by the amount of acid or base present. This pro- 
cedure serves to bring together the different sets of measurements 
at each temperature in a satisfactory way and introduces no ap- 
preciable error. The pH shift produced by oxygenation is the 
only significant factor in the determination of AB, for small differ- 
ences in the shape of the titration curve of oxyhemoglobin have 
no appreciable effect. The results given for 38® do not extend 
below pH 5.5, since at this temperature hemoglobin undergoes an 
irreversible change very rapidly at acid reactions, which renders 
the data unreliable. The procedure of constructing a composite 
curve was unnecessary for the data at 25® which were obtained 
from a single experiment. Only one experiment was made at 
25°, because of the extensive earlier work at this temperature. 
In Fig. 1 the smooth curves for 25® are drawn to give the values 
of AB obtained in the earlier work (6), and show that the pres- 
ent results are in good agreement with it. 

Careful measurement of these results shows that the only effect 
of changing the temperature is to displace by a constant amount 
the pH values at which given values of AB occur. The smooth 
curves for reduced hemoglobin at 7® and 38® are drawn so that the 
displacement amounts to +0.30 pH unit for the change from 25® 
to 7° and to —0.20 unit for the change from 25® to 38®, on the 
basis of the data for AB as a function of pH at 25® given by earlier 
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work. The ^B-pH curves used for this purpose are shown in the 
inset in Fig. 1. 

If we revert now to Equation 16, we see, on the basis of these 
results, that of the two expressions in brackets the first is constant 
and equal to —0.016 and the second is, therefore, equal to zero 
Consequently, at 26°, 


Q.-Qo 


ab. 


** 6600 calories 


This value is subject to an uncertainty of at least 10 per cent. 
The fact that Q* — Qo is strictly proportional to AB* shows that 
the variation in the heat of oxygenation with pH can be accounted 
for entirely on the basis of the heat of the dissociation of hydrogen 
ion with which oxygenation is coupled. Whenever AB* = 0, 
as at strongly basic reactions and at the pH at which the titration 
curves of oxygenated and reduced hemoglobin cross, Q* = Qo. 
The figure 6500 gives the heat of dissociation of the base-binding 
groups which interact with the oxygen-combining centers of the 
protein molecule. In a previous paper we have studied the ap- 
parent heat of dissociation of hydrogen ion by oxyhemoglobin at 
25® between pH 4 and 10. In the middle part of the range this 
is found to be 6200 calories per equivalent, which is the value 
characteristic of the imidazole group of histidine. We have 
interpreted this to mean that the middle portion of the titration 
curve of oxyhemoglobin is due to the imidazole groups of the 
thirty-three histidine residues which are known to occur in each 
molecule of hemoglobin. On the basis of a more detailed analysis 
we have concluded that in oxyhemoglobin the pK of the weakest 
imidazole group is certainly less than 7.5 and that of the strongest 
in the neighborhood of 6. These conclusions accord well with 
the results of the present study. The figures 6500 and 6200 
agree better than might be expected from the experimental 
errors. This is strong evidence that the base-binding groups 
which interact with the oxygen-combining groups are all imidazole 
groups of histidine. This conclusion may be somewhat unex- 
pected in view of the fact that some of these groups are rendered 
more acid, others more basic, by oxygenation, a fact which fol- 
lows from the crossing of the titration curves of oxygenated and 
reduced protein. 
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The hemoglobin molecule is known to contain four hemes and 
it is generally believed that these are the four oxygen-combining 
groups. This of itself suggests a certain degree of symmetry of 
the hemoglobin molecule, as if it consisted of four quadrants, 
one for each heme. This suggestion receives support from two 
facts which have been dealt with above; namely, that the heat 
absorbed is the same for each stage in the process involving the 
combination of 1 mole of hemoglobin with 4 moles of oxygen, 
and that the shift in the amount of base bound by the protein 
caused by each stage of the process is also the same. At least 
these facts lead us to believe that each of the oxygen-combining 
groups is related in the same way to a certain number of histidine 
units with which there is an interaction. If so, there must be at 
least two such units for each heme, one of which is rendered 
more acid, the other more basic, by oxygenation. 

Let us now assume that there are in fact just two histidine 
units which interact with each heme, and that the behavior of 
each heme and its associated histidines is identical with that of 
the others. Then it should be possible to fit the AB-pH data 
satisfactorily by a suitable choice of four apparent dissociation 
constants fc', one for each histidine when the associated heme is 
in the reduced condition, one for each histidine when the asso- 
ciated heme is in the oxygenated condition. If the data were 
perfect they should of course determine these four k' values 
uniquely. The basis for determining the values of k' from the 
observed values of AB is the following. The shift in base bound 
by a weak acid at any given hydrogen ion activity H in conse- 
quence of a shift of its apparent dissociation constant from k\ 
to ifc '2 is given by 


(17) 


x(z^ - 1 ) 

(1 -f- xz){x -f ^) 


in which x = \/k\k\IH and z = y/k^l y/k\. The maximum 
value of AB is 


(18) 




z - 1 
2+1 


and occurs at pH = (pk '2 +- pk'i)/2. The shift in the total 
amount of base bound by a complex molecule containing a num- 
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ber of acid "radicals is the algebraic sum of the shifts in the 
amounts of base bound by each. On this basis we have deter- 
mined values of fc' for the two histidines assumed to interact with 
each heme which account for the AB-pH data for 25® in a very 
satisfactory way. The smooth curve of Fig. 2 is constructed 
for the case in which the pk' of one histidine is changed from 
7.81 to 6.80, that of the other from 5.26 to 5.75, as a result of 
oxygenation of the associated heme. The circles give the experi- 
mental data taken from an earlierstudy (6). Over most of the range 
the agreement is good. The discrepancy at the extreme alkaline 
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Fig. 2. Difference in the number of equivalents of base bound per mole 
by oxygenated and reduced hemoglobin as a function of pH. The smooth 
curve is calculated on the basis of assumptions discussed in the text. 


end of the curve might be attributed to the difficulty of completely 
reducing hemoglobin in this region; that at the other end to the 
rapidity with which hemoglobin undergoes a reversible change 
involving loss of oxygen-combining power at strongly acid reac- 
tions. It is found that altering the value of pk '2 — pk'i for either 
histidine unit by as much as 10 per cent very noticeably impairs 
the fit of the curves, as does altering the mean pk' value of either 
group by 0.1 to 0.2 unit. Were we to choose different pk' values 
for the histidines associated with different hemes, the effect would 
be to broaden the curve and decrease the fit. On the other hand, 
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very little improvement could be effected by assuming that more 
than two histidines interact with each heme, although if the num- 
ber were made suABiciently large some compression of the curves 
without loss of amplitude could be achieved. On the whole, 
therefore, it appears that our assumption is justified and that 
just two histidine groups interact with each heme in accordance 
with the pk' values given above. The elements of the picture 
then fit together in a very satisfactory way, and a variety of facts 
involving the heats of oxygenation and the amoimt of base bound 
all find a common explanation in the view that the hemoglobin 
molecule is composed of four identical histidine-heme complexes. 
In particular it may be pointed out that the pk' values ascribable 
to the two histidine groups in the oxygenated complex conform 
to the limits predicted from the effect of temperature on the titra- 
tion curve of oxyhemoglobin. 

We have purposely analyzed the situation on the most general 
basis. The result at which we have arrived, however, accords 
closely with the model recently proposed by Pauling (4) on the 
basis of which he has been able to account for the oxygen disso- 
ciation curves of hemoglobin very exactly. In this model, to be 
sure, histidine finds no place, but it is assumed that the four 
hemes are located at the corners of a square and that they are all 
identical in respect to their oxygen affinity except in so far as the 
equilibrium constant of each is affected by the oxygenation of the 
adjacent hemes. It is of interest to compare the free energy of 
interaction of two adjacent hemes as given by this model with the 
free energies of interaction of each heme with the two associated 
histidine units. The value for the heme-heme interaction is 
1470 calories; the values for the heme-histidine interactions, cal- 
culated from the pk' values given above, are 680 and 1380 calories. 
They are of the same general magnitude. Our results as they re- 
late to the interaction of each heme with two histidine groups 
also accord with Conant's (8) picture of the hemoglobin molecule, 
although of course they do not of themselves imply anything so 
specific. In this picture it is assumed that the ferrous iron of 
each heme is coordinated with the 4 nitrogen atoms of the 
porphyrin ring in one plane and with one group of the globin 
part of the molecule above, and one below, this plane. When 
the heme is oxygenated, it is supposed that one of the two globin 
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groups is displaced from the iron by a molecule of oxygen, al- 
though the group still remains attached to the hemoglobin mole- 
cule through the globin. Provided therefore we identify these 
two globin groups with two histidines, we have a physical pic- 
ture which would account satisfactorily for our own conclusions. 
The dissociation of the imidazole groups of both histidines would 
certainly be affected by the introduction of oxygen into the heme. 
It is known that the dissociation constant of the imidazole group 
is very sensitive to substituents and may be either increased or 
decreased, depending on the nature of the substituent. Thus 
Kirby and Neuberger (9) have shown that the acidity constant 
of glyoxaline is raised from 6.95 to 7.86 by the introduction of 
a methyl group in the 2 position and still further to 8.36 by an 
additional methyl group in the 4 position. On the other hand 
the introduction of a phenyl group in the 4 (or 5) position lowers 
the constant to 6.00, which is about the value observed in his- 
tidine. Of the two constants which we have ascribed to the 
histidines in reduced (deoxygenated) hemoglobin, one (pk' = 
5.25) is much lower, the other (pk' = 7.81) much higher, than that 
of free histidine. This is perhaps not surprising if we suppose 
that the two histidines are situated on opposite sides of the plane 
of the porphyrin ring. When oxygenation occurs, the two values 
are shifted in opposite directions, each towards the value charac- 
teristic of free histidine. It may be remarked that as compared 
with the interaction of the hemes and the histidines, the interac- 
tion of the different hemes, as required by Pauling's model, 
presents a more difficult problem in relation to the spatial arrange- 
ment of these large groups. 

Let us return now to the problem of the heat oxygenation. 
We have seen that this heat changes over the pH range in accord- 
ance with the product AB X 6500 calories. Probably the best 
values of AB are those calculated from the four pk' values given 
above, and it is these values which we have employed in calcu- 
lating Q, — Qo. From the results so obtained we may at once 
reckon the actual heat of oxygenation over the whole pH range 
from a knowledge of its value at any one pH. Of Roughton's 
two directly determined values for the heat absorbed by combina- 
tion of hemoglobin with 1 mole of oxygen, that of —9350 calories 
for pH 6.8 is the more reliable. It appears to be subject to an 



594 Heat of Oxygenation of Hemoglobin 


uncertainty of no more than a few per cent. We have used 4 
times this value as a fixed point for locating Curve 1 in Fig. 3, 
which gives the heat absorbed due to the combination of 1 mole 
of hemoglobin with 4 moles of oxygen over the range from pH 3 
to 11. This leads to a value of —46,800 calories for Qo, the heat 
of the reaction as it occurs without an accompanying change in 
the amoimt of base bound. One-fourth of this quantity, or 11,700 

6 


4 


Z 




Fig. 3. Curve 1, heat absorbed owing to the reaction of 1 mole of hemo- 
globin with 4 moles of gaseous oxygen; Curve 2, heat absorbed owing to the 
reaction of 1 mole of hemoglobin with 4 moles of oxygen in solution; Curve 
3, increase of free energy accompanying the reaction of 1 mole of hemo- 
globin with 4 moles of oxygen at a partial pressure of 1 mm. of Hg. The 
ordinates express kilocalories. 

calories, is to be compared with Roughton^s figures for pH 9.6 
where there is no appreciable shift in base bound due to oxygena- 
tion. Roughton gives results for two hemoglobin preparations. 
For the first the directly measured heat at 19® was 12,400 calories 
and the calculated heat 12,450 =t 1200 calories; for the second 
the corresponding values are 14,250 and 14,100 db 1000 calories. 
At this alkaline reaction measurements are more difficult and 
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much lees accurate than at pH 6.8, and Roughton^s results do 
not appear to be at serious variance with our calculations. 

Houghton’s measurements were made on ox hemoglobin, 
ours on hemoglobin of the horse. It might be objected that it 
is unjustifiable to combine results on the two kinds of hemoglobin, 
as we have done in using Houghton’s value for the heat at pH 
6.8. In view of such a possible objection Dr. D. B. Dill of the 
Harvard Fatigue Laboratory was good enough to determine for 
us oxygen dissociation curves of one of our own preparations of 
horse hemoglobin at different temperatures. The crystallized 



Fig. 4. Oxygen dissociation curves of horse hemoglobin obtained by 
Dill at different temperatures: O, 20°; 40°; ©, 0.5°. The smooth curve 

corresponds to Pauling’s model, y represents percentage saturation of 
hemoglobin with oxygen. 


protein was dissolved in a phosphate buffer of ionic strength 0.5 
and pH 7.05^ at 25° to give a solution containing 49.6 gm. of 
hemoglobin per liter. Oxygen dissociation curves were deter- 
mined at 0.5°, 20°, and 40°. The percentages of total hemo- 
globin in the active form in the solutions studied at these three 
temperatures were 98, 96.5, and 85.5 respectively. The results of 
the measurements are shown in Fig. 4, in which the data for the 
three temperatures have been brought together by adding 0.615 

* Total phosphate «* 0.212 mole per liter; mole fraction NaiHPO* — 
0.680. See Green (10). 
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to the values of log p at 0.5® and subtracting 0.426 from the 
values at 40®. The smooth curve corresponds to Pauling^s 
model (4). On the basis of Equation 2 these figures give for the 
heat absorbed due to the reaction of 1 mole of oxygen with 1 
mole of hemoglobin at the mean temperatures 10® and 30® the 
values 11,500 and 9100 calories respectively. The average value 
for 20® may be taken as 10,300, with an uncertainty of about 
1000 calories. Unfortunately, no measurements were made of 
the pH of the solutions, but since they were made by dissolving 
approximately isoelectric protein (pH 6.81 for reduced hemoglo- 
bin) the pH must have been somewhat acid to that of the buffer 
(7.05) and not far from that at which Roughton^s value of 9350 
was obtained. At pH 6.9 the change in the heat corresponding 
to a change in pH of 0.1 unit amounts to about 550 calories. 
These results are therefore in agreement with the more extensive 
studies of Roughton on ox hemoglobin. ^ 

In Equation 1 the activity of the oxygen is taken as equal to 
the partial pressure of oxygen in the gas phase. The standard 
state is therefore that of unit partial pressure, and the heats that 
we have calculated are for the reaction of hemoglobintin solution 
with oxygen at unit partial pressure in the gas phase. These 
heats therefore include the heat of solution of oxygen in the 
liquid phase, which has nothing to do with the combination of 
oxygen with hemoglobin. It is of interest to consider how much 
of the calculated heat, e,g, 9350 calories at pH 6.8, is due to this 
heat of solution of oxygen. The heat of solution of oxygen in 
pure water may be calculated from the data on the solubility of 
oxygen in water as a function of temperature. On the basis of the 
data given in the handbooks we obtain the following values for the 
heat absorbed (in calories) due to the solution of 1 mole of oxygen: 
at 10°, —3620; at 20®, —3200; at 30°, —2940. These figures are 

* In calculating the heat of oxygenation by the van’t Hoff equation 
Roughton has for some reason reduced the dissociation pressures observed 
at different temperatures to 0° (273° absolute). The correct value of the 
heat is obtained by using the actual pressures observed at each tempera- 
ture, since the standard state for the oxygen gas must be defined by the 
same hydrostatic pressure at each temperature. Actually the effect of 
Roughton’s procedure does not appear to make a significant difference in 
the value for the heat at 25°. Values calculated directly from Roughton's 
scale factors ((2), p. 2121) are 0-10°, 8680; 10-20°, 9600 ; 20-30°, 10,900; 
30-40°, 8900; average 9500. 
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obtained by taking the activity of oxygen in solution as proportional 
to its molality; in other words by treating the solutions as ideal 
solutions. In so far as this is true the values should be inde- 
pendent both of the pressure of the saturating gas and the con- 
centration of the oxygen in solution. They show that of the 
9360 calories about 3000, or approximately one-third, are due 
simply to the heat of solution of oxygen at 26®. Curve 2 of Fig. 3 
is for the heat of reaction of hemoglobin with oxygen in solution, 
obtained by taking* account of this effect. 

In contrast to this the free energy of the reaction is of course 
independent of whether the oxygen is in solution or in the gaseous 
phase at the corresponding partial pressure. Let us consider the 
free energy change in detail. If we denote by AF the increase of 
free energy accompanying the combination of 1 mole of hemo- 
globin with 4 moles of oxygen when the reactants are in their 
standard states, then 

(19) AF = -RT In L/ 

Equations 3 and 13 therefore make it possible, from a knowledge 
of AB in relation to pH, to reckon the change of AF with pH, 
just as we have reckoned the change in the heat of the reaction 
with pH. If AFi and AF 2 be the values of AF at pHi and pH 2 
respectively, then 

(20) AF, - AFi = -RT (In V)pH, + RT^ (In L4<)pH, 

/•pH, 

-2.303 BT / ABdpH 

JpBt 

If, as in reckoning the heat of the reaction, we use the values of 
AB given by the apparent dissociation constants discussed above, 
this equation may be integrated directly to give, for 25® 

(21) aF, - aFi » -4 X 1366 log calories 

in which the four k^8 are given by pk'i = 7.81, pk '2 = 6.80, pk's = 
5.25, and pk '4 = 5.75. From a knowledge of AF at any one pH, 
we may reckon it for the whole pH range. Pauling has shown 
that all the data of Ferry and Green at 25® when reduced to pH 
8.30 may be accurately fitted by a choice of constants which 
leads to a value of AF = -h2200 calories for this pH. Curve 3 
in Fig. 3 is plotted from Equation 21 on the basis of this value. 
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The value 2200 is for the reaction when the oxygen is in the stand- 
ard state; i.e., at a partial pressure of 1 mm. For any other 
pressure p mm. AF will be (2200 — 5450 log p) calories. It 
follows from Equation 3 that the change with pH in the free 
energy of each stage of the oxygenation process is the same and 
equal to I dAF/d pH, although, as Pauling shows, the free 
energy itself is different for each stage of the process, owing to the 
interaction of the hemes. 

SUMMARY 

The variation in the heat of oxygenation of hemoglobin with 
pH has been studied from pH 3 to 11. The results can be ac- 
counted for on the basis of the dissociation of hydrogen ion which 
accompanies oxygenation if we assume a heat of dissociation of 
6500 calories per equivalent. This is the heat of dissociation 
characteristic of the imidazole group of histidine, and indicates 
that it is groups of this kind which dissociate as a result of oxy- 
genation of the hemoglobin molecule. From these results and 
Houghton's value for the heat of oxygenation at pH 6.8 we have 
calculated the heat of oxygenation of hemoglobin over the whole 
pH range from 3 to 11. It is pointed out that the heat is the 
same for each stage of the oxygenation process, as is the shift in 
the amount of base bound at constant pH. A further analysis 
based on the shift in the amount of base bound at 25° indicates 
that each molecule of hemoglobin contains four identical heme- 
histidine complexes, in which two histidine units interact with 
each heme, the energy of interaction amounting to 680 calories 
for one and to 1380 calories for the other. These conclusions 
accord with inferences based on the effect of temperature on the 
dissociation curves of oxyhemoglobin, and they also agree with a 
model recently proposed by Pauling.* Finally on the basis of the 
shift in base bound as a function of pH we have calculated the 
free energy of oxygenation from pH 3 to 11. 
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APPLICATIONS OF DIPHENYLAMINE IN THE DETER- 
MINATION OF LEVULOSE IN BIOLOGICAL MEDIA 

I. THE DETERMINATION OF INULIN 

II. THE DETERMINATION OF LEVULOSE IN SMALL AMOUNTS 

OF BLOOD 

By a. C. CORCORAN and IRVINE H. PAGE 

(From the Lilly Laboratory for Clinical Research, Indianapolis 
City Hospital, Indianapolis) 

(Received for publication, November 14, 1938) 

The Determination of Inulin 

The formation of a blue compound of diphenylamine and 
levulose in the presence of concentrated HCl was applied semi- 
quantitatively to urine by Jolles (1) and quantitatively to blood 
filtrates by van Creveld (2), whose method for blood levulose has 
since been variously modified (3-7). In the van Creveld method 
and its modifications, the reaction was carried out in an aqueous 
medium and the water-insoluble blue product extracted into an 
organic solvent for color comparison. This disadvantage was 
removed by Herbert (8) by the addition of sufficient alcohol to 
keep both diphenylamine and colored product in solution during 
and after the reaction. The method here described is an applica- 
tion of Herbert's method to the determination of inulin, the 
final determination being made in the single cell, compensating 
photoelectric colorimeter described by Evelyn (9). Glucose and 
levulose present in the material tested are removed by fermenta- 
tion with yeast. The inulin is hydrolyzed by the strong acid in 
which the reaction occurs. 

Reagents — 

1. Precipitating media (10). (a) 1.25 per cent ZnS 04 - 7 H 20 , 

in 0.03126 n H 2 SO 4 ; (b) 0.75 n NaOH. 

Although these concentrations of reagents are those recom- 
mended by Somogyi (10) for whole blood rather than plasma, 
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they have been found quite satisfactory and are employed because 
of their general use in this laboratory. The weaker reagents 
recommended for plasma may be substituted without affecting 
this method. 

2. Stock diphenylamine solution. 20 per cent diphenylamine 
in alcohol. 

The stock solution is kept in a cool place in a dark bottle. 
Diphenylamine which precipitates out at ice box temperatures 
is easily redissolved as the solution is brought to room temperature. 
The diphenylamine used was obtained from the Eastman Kodak 
Company. 

3. Acid alcohol-diphenylamine reagent. 95 per cent ethyl 
alcohol, 70 parts; concentrated HCl, 50 parts; stock 20 per cent 
diphenylamine solution, 6 parts. 

This solution is also kept in a cool place in dark bottles. Al- 
though it is stable for at least 1 month (8), we have prepared it 
weekly. 

4. Thoroughly washed bakers’ yeast. 

Bakers’ yeast (obtainable from Standard Brands, Inc.) is 
washed by centrifugation with distilled water until the super- 
natant is clear for two washings. 

Apparatus — 

1. Water bath with removable tube rack. 

2. Tall resistance glass test-tubes graduated at 25 cc. 

3. Photoelectric colorimeter of the type described by Evelyn 
(9), equipped with a light filter transmitting at a maximum of 
about 620 mju.^ 


Procedure 

Serum or Plasma Inulin—(a) 1 part of serum or plasma is 
added to 8 parts of ZnS 04 solution, mixed, and the protein pre- 
cipitated by addition of 1 part of 0.75 n NaOH. The volume of 
filtrate obtained from small samples (0.5 or 1.0 cc.) of plasma or 
serum may be increased by centrifuging the mixture before filtra- 
tion. After filtration, the protein-free filtrate is placed in a 
centrifuge tube which contains about | volume of thoroughly 

1 The photoelectric colorimeter, light filters, and absorption tubes may 
be obtained from the Rubicon Company, Philadelphia. 
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packed yeast. These tubes are prepared by adding the required 
volume of 1 : 1 suspension of washed yeast in water to a centrifuge 
tube, centrifuging at 2800 r.p.m. for 20 minutes, pouring off the 
supernatant, and allowing the tubes to dry during inversion in 
a rack. The water is then removed from the lips of the tubes, 
and droplets which may have clung to the tube wall removed 
with clean gauze. 



^ 10 15 20 25 30 55 

C 50 100 150 200 230 300 

Fig. 1. The ordinate represents color density (L value (9)); abscissa: 
Curve A, inulin determination, levulose equivalent in mg. per 100 cc. of 
protein-free filtrate or water; Curve B, levulose determination, levulose in 
mg. per 100 cc. of blood; Curve C, levulose determination of glucose equiva- 
lent in mg. per 100 cc. of blood. 


(6) The yeast is stirred into the plasma filtrate with a clean 
dry rod and the mixture allowed to stand with occasional shaking 
for 15 to 30 minutes. The tubes are then centrifuged at the rate 
and for the length of time used in packing the yeast from its water 
suspension. The supernatant fluid is then decanted through 
small filter papers. 

(c) A 1 cc. portion of filtrate is transferred to a tall test-tube 
graduated at 25 cc., or, if deposits from the water bath can be 
excluded, into a colorimeter absorption tube (8) which has been 
graduated at this mark. The sides of the tube are washed down 
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during the addition of 5 cc. of acid alcohol-diphenylamine reagent 
and the tubes at once placed in a boiling water bath for exactly 
15 minutes. The rack of tubes is then hastily removed from 
the water bath and cooled in an ice bath for about 5 minutes, at 
which time they are made up to 26 cc. with alcohol. The com- 
pensating blank is prepared from an identically treated sample 
of plasma or serum taken before the administration of inulin. 

(d) The color comparison is made against the compensating 
blank with Filter 620 (transmission 595 to 660 m^). The inulin 
content is found by reference to a calibration chart which has 
been prepared from samples of pure levulose in precipitating 
media which have been treated exactly as described in the pre- 
ceding paragraph (c) (Fig. 1, Curve A). 

Urine Inulin — Urine inulin may be determined by this method 
when present in a concentration of about 2.5 per cent. The urine 
sample, or the mixture of urine diluted in bladder washings, is 
diluted in distilled water to at least 1000-fold of the original 
urine. Although urine protein in concentrations as high as 5 per 
cent does not interfere with the reaction at dilutions higher than 
1 part in 500, it may be removed before dilution by treatment of 
the urine with the precipitating media described above. The 
diluted urine sample is treated exactly as the blood filtrates in 
paragraphs (6), (c*), and (d) above, with the exception that the 
compensating blank is prepared from the distilled water in which 
the urine was diluted. 


Results 

The factors affecting the reaction are as follows: 

Duration of Heating — At 15 minutes the color obtained is 
equivalent to 88 per cent of that obtained at 30 minutes of heating. 
The shorter period has been used because the color developed 
follows Beer^s law throughout the range equivalent to 2.6 to about 
15.0 mg. per cent of material tested. The deeper color obtained 
with longer heating shows a deviation from linearity at lower 
concentrations. Because the maximum color has not been 
developed by the shorter period of heating, care must be taken 
to avoid prolonged contact of reagent and sample before heating 
and to cool the tubes immediately and thoroughly at the end of 
heating. 
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Chromogen Present in Blood Plasma — The chromogen remaining 
in plasma filtrates after treatment with yeast amounts to the 
equivalent of about 1 mg. per 100 cc. of plasma inulin and is 
canceled in the determination by the use of the compensating 
blank prepared from plasma obtained before the injection of inulin. 

Chromogens Present in Urine — Nitrates and nitrites yield blue 
colors with this reagent. Consequently, the reaction cannot be 
attempted in undiluted urine, although dilution to 1 part in 1000 
or more practically abolishes the color obtained from the normal 
dog or human urine. There is no perceptible blafik obtained 
from urine to which nitrites have been added to a concentration 
of 1 part in 1000 or nitrate to a concentration of 1 part in 100, 
the samples subsequently having been diluted a thousand times. 
These concentrations of urine nitrate and nitrite will rarely be 
reached in the urine of the intact animal. 

Recovery — The levulose used in the preparation of the calibration 
chart (Fig. 1, Curves A and B) had a specific rotation of —91.5® 
at 20® (average of two determinations by different observers).^ 
The inulin used (Pfanstiehl, c.p.) was dissolved in water by heat, 
passed through a Seitz filter, thrice reprecipitated from water 
solution with alcohol, and carefully dried in a vacuum desiccator 
over CaCb. The recovery of inulin from blood plasma and 
from solutions in water and precipitating medium averaged 99 
per cent by weight and varied from 98 to 101 per cent at concen- 
trations equivalent to 5 to 15 mg. per 100 cc. of plasma filtrate, 
precipitating medium, or water (average of 60 determinations). 

The same inulin sample was found to have a levulose equivalent 
of 94 per cent by weight after acid hydrolysis and determination 
of hydrolyzable reducing substance by the Shaffer-Somogyi 
method (Reagent 50, 5 gm. of KI, 150 cc. of 0.1 N iodate per liter) 
(11). Hydrolysis was carried out by addition of 0.2 cc. of 1 n 
H2SO4 to 5 cc. of inulin solution; the tubes were heated in a boiling 
water bath for 15 minutes and the reducing substance determined 
after neutralization. An 8-fold increase in the concentration of 
acid did not increase the yield of reducing substance. The whole 
of the reducing substance thus obtained was fermented by yeast. 

* The writers wish to acknowledge their thanks to Dr. E. C. Kleiderer 
and Dr. E. J. Hughes of the Research Division of Eli Lilly and Company 
for these analyses. 
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Treatment of the fermented hydrolysate with diphenylamine 
reagent gave a color equivalent to from 6 to 7 per cent of the inulin 
used (three determinations). This chromogen, as determined 
by the average difference of the two methods, was equal to 6 per 
cent by weight of the inulin sample and is apparently identical 
with the fructose anhydride described by Jackson and Goergen 
(12), which amounted to 5 per cent of their inulin sample. Our 
recovery of 99 per cent inulin by weight suggests that the inulin 
used had a non-chromogenic aldose content of about 1 per cent, 
and thus that the hydrolyzable levulose content of our inulin 
was 93 per cent, a value which agrees well with recoveries of 92 
and 94 per cent reported in the literature (12, 13). 

SUMMARY 

A photocolorimetric method for the determination of small 
amounts of inulin in blood and urine is described. The method 
depends upon the color produced by levulose and probably by 
levulose anhydrides in contact with strongly acid diphenylamine. 

The Determination of Levulose in Small Amounts of Blood 

The method here described is a convenient modification of 
Herbert\s method (8) which requires only 0.2 cc. of blood. 

Reagents — 

1. Precipitating media (modified from Hagedorn and Jensen 

(14)). (a) 4.5 per cent ZnS04 -71120; (b) 0.2 n NaOH. 

2. Stock diphenylamine solution. 

3. Acid alcohol-diphenylamine reagent. 

Apparatus — 

1. Resistance glass test-tubes graduated at 10 cc. 

2. Water bath, tube rack, and photoelectric colorimeter. 

Procedure 

(а) Precipitation of Blood Protein — 0.2 cc. of blood is delivered 
from a pipette calibrated “to contain” into a centrifuge tube 
containing 1 cc. of ZnS 04 solution and the pipette rinsed back into 
the tube. 1 cc. of 0.2 n NaOH is added and the tube placed in 
a boiling water bath for 4 minutes, when it is removed and centri- 
fuged at about 2800 r.p.m. for 5 minutes. 

(б) Development of Color — 1 cc. of the supernatant fluid is taken 
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into a pipette whose tip is guarded by a wisp of washed cotton. 
The cotton is removed and the protein-free filtrate transferred to 
a test-tube graduated at 10 cc., or, if deposits from the water 
bath can be excluded, to a colorimeter absorption tube graduated 
at this mark. 5 cc. of acid alcohol-diphenylamine reagent are 
added and the tubes at once placed in a boiling water bath for 
exactly 16 minutes. When the tube is removed from the water 
bath, it is cooled in an ice bath for about 5 minutes and made 
up to 10 cc. with alcohol. The compensating blank is prepared 
from an identically treated sample of blood taken before adminis- 
tration of levulose. 

(c) Color DetermiruUion — ^Color comparison is made with refer- 
ence to the compensating blank with Filter 620. The levulose 
content is found by reference to a calibration chart prepared from 
samples of pure levulose in precipitating media treated exactly 
as in paragraphs (h) and (c), p. 603, (Fig. 1, Curve B). 

Results 

Effect of Blood Glucose — The color given by solutions of glucose 
and reagent heated for 15 minutes varies slightly in its levulose 
equivalent. The average color obtained in terms of blood glucose 
is represented in Fig. 1, Curve C, in which 100 mg. per 100 cc. 
of blood glucose are equivalent to about 2.5 mg. per cent of lev- 
ulose. Error from this source is abolished by the compensating 
blank when blood glucose is constant, and the error amounts to 
only 0.5 mg. of levulose per 100 cc. with glucose concentrations 
varying 20 mg. per 100 cc. When there is reason to suspect that 
wider variations will occur, total blood sugar may be separately 
determined by some micromethod. A close approximation of 
true levulose may then be made by subtraction from total blood 
sugar of the apparent levulose to yield approximate true glucose. 
The levulose equivalent of the approximate blood glucose is 
found by reference to the calibration chart (Fig. 1, Curve C) and 
this value applied to correct the apparent blood levulose. 

The recovery of levulose added to blood averages 100 per cent 
at concentrations varying from 5 to 50 mg. per 100 cc. of blood. 
The range of error amounts to about 0.5 mg. of levulose per 100 cc. 
(average of thirty determinations). 

The method is applicable to the study of levulose metabolism 
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in small animals and has been satisfactorily used in the clinical 
determination of levulose tolerance. 

SUMMARY 

A method is presented for the determination of levulose in 
0.2 cc. of blood. 

The authors wish to acknowledge their gratitude to the John 
and Mary R. Markle Foundation for a grant to one of us (A. C. C.). 
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A DIRECT COLORIMETRIC METHOD FOR THE DETER- 
MINATION OF mULIN IN BLOOD AND URINE* 

By ALF S. ALVING, JACK RUBIN, and BENJAMIN F. MILLER 
{From the Department of Medicine^ University of Chicago^ Chicago) 

(Received for publication, December 6, 1938) 

The renal clearance of inulin was introduced almost simul- 
taneously several years ago by Richards, Westfall, and Bott (1) 
and by Shannon and Smith (2) for the measurement of glomerular 
filtration rate. Since then the inulin clearance has been em- 
ployed by a number of investigators, especially for studies on the 
human kidney. However, because of the large quantities of 
inulin that must be administered for thai clearance test, and the 
insensitive and tedious methods of analysis employed, this clear- 
ance has not found the favor that it merits. 

Inulin hitherto has been determined by the reducing power, as 
carbohydrate, of the sample before and after hydrolysis by acid. 
Such a method suffers from the inconveniences and errors in- 
volved in analyses performed by difference and cannot be em- 
ployed for accurate determination of inulin in blood plasma at 
concentrations below 50 mg. per cent. 

In order to perform certain studies of inulin excretion at very 
low plasma levels, and furthermore with the idea of simplifying 
the analytical technique of the clearance, and of reducing the 
quantity of inulin to be injected, we have devised the method here 
described. This new procedure depends on a reaction between 
inulin and alcoholic diphenylamine in hot acid solution. With 
inulin, as with fructose (van Creveld (3), Patterson (4), Herbert 
(5), and others), this reagent gives an intense, clear blue color. 
The reagent reacts only slightly with glucose. When glucose and 
fructose are removed by fermentation with yeast, inulin may be 
determined specifically in biological fluids by this method. 

* This work has been aided by a grant from the Douglas Smith Founda- 
tion for Medical Research. 
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Our method gives very precise results in the determination 
of plasma or urine filtrates containing 4 micrograms or more of 
inulin per cc., and it also yields satisfactory values on plasma 
filtrates containing as small an amount as 2 micrograms per cc. 

Reagents — 

Diphenylamine reagent. 10.00 gm. of reagent grade diphenyl- 
amine (Merck, m.p. 52.5-53.3°) are dissolved in redistilled absolute 
ethyl alcohol and diluted to a volume of 100 cc. with the alcohol. 
This solution must be kept in a dark bottle. Of this alcoholic 
diphenylamine solution 12 volumes are added to 192 volumes of 
a mixture which contains 80 volumes of c.p. concentrated HCl 
and 112 volumes of redistilled absolute ethyl alcohol. If kept in 
a dark bottle, this reagent may be used for 1 week; the very faint 
color which develops during this time does not interfere with the 
method. 

Acid cadmium sulfate solution. 13.0 gm. of reagent grade 
cadmium sulfate ( 3 CdS 04 - 8 H 20 ) and 63.5 cc. of exactly 1 n 
sulfuric acid are made to 1 liter with distilled water. 

1.10 N sodium hydroxide. Reagent grade sodium hydroxide 
^^from sodium^’ is used for this solution. 

Procedure 

Removal of Fermentable Carbohydrate — ^Because glucose reacts 
slightly with the diphenylamine reagent, it must be removed when 
very accurate determinations of inulin are required at values below 
30 mg. per 100 cc. of plasma, or whenever analyses are made on 
samples from subjects having hyperglycemia or glycosuria. The 
glucose is removed as follows: To 5 or 10 cc. of plasma or serum 
in a 15 cc. centrifuge tube is added 0.5 or 1.0 cc. respectively of a 
suspension of yeast cells. ^ The tube is shaken and incubated at 
38° for 30 minutes, and then centrifuged at high speed for 15 
minutes. At the same time the volume of yeast cells is obtained 
in the Wintrobe hematocrit tube (6). The supernatant plasma 

' The yeast suspension is prepared by washing about 50 gm. of starch- 
free yeast in 100 cc. of distilled water. The water suspension is centrifuged 
at low speed and the supernatant liquid decanted. This procedure is 
repeated five times. The washed yeast cells can be kept in a stoppered 
container in the refrigerator for 2 weeks. The cells should be washed again 
once immediately before use. 
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is deproteinized as described below. Whenever the yeast fermen- 
tation technique is employed, it should be performed as above; if 
used directly on filtrates, it yields turbid solutions which interfere 
with the final estimation of the color. 

Precipitation of Blood or Urine Protein — The method of Fujita 
and Iwatake (7) is employed. To 1 volume of plasma, serum, or 
urine are added 8 volumes of the acid cadmium reagent, followed 
by 1 volume of 1.10 n sodium hydroxide. The mixture is agi- 
tated gently while the sodium hydroxide is being added, and is 
then shaken vigorously for a few seconds. After standing 15 min- 
utes the mixture is filtered and the filtrate diluted, if necessary, 
to contain between 2 and 12 micrograms of inulin per cc. 

Development of Color — The reaction is performed in a heavy 
walled test-tube which measures approximately 20 X 110 mm. 
The^e tubes must be capable of withstanding considerable changes 
of temperature and pressure, and also must have covers which 
make a perfectly tight fit to prevent evaporation dining heating. 
We have employed a special tube for this purpose.^ 

6 cc. of diluted urine or filtrate of plasma or serum are placed 
in one of the glass tubes and 10 cc. of the diphenylamine reagent 
added. The tube is agitated to dissolve the precipitate, and to 
obtain complete mixing of the aqueous and alcoholic solutions. 
The screw-cap is sealed tightly onto the tube which is placed in a 
bath containing vigorously boiling water. It is convenient to use 
a rack capable of holding eighteen tubes. The temperature of the 
bath should be uniform throughout, and there should be provision 
for free circulation of water under and around the individual tubes. 
After the tube has been heated in the boiling water for exactly 
60 minutes, it is removed and immediately plunged into water 
and cooled to room temperature. The cooled solution is kept at 
room temperature for 10 minutes longer and then transferred as 
described below. 

Caution — Care should be taken to protect oneself against the 
possibility of a defective tube exploding during the boiling or 
sudden cooling. 

Estimation of Color Intensity — ^We find that the Evelyn photo- 

* Round bottom tubes complete with screw-caps may be obtained from 
E. H. Sargent and Company, Chicago. Rubber liners must be heated in 
10 per cent sodium hydroxide before they are used for the first time. 
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electric colorimeter (8) gives very precise, reproducible results 
with a minimum time of reading. The solution is transferred to 
one of the test-tubes furnished with the instrument and the 
light transmission determined with a No. 660 filter,* The equiva- 
lent inulin concentration is determined from a calibration curve 
which relates per cent light transmission to concentration of inulin. 

Undoubtedly other types of instruments can be employed satis- 
factorily. We have used the Zeiss Pulfrich stufenphotometer 
with good results; however, this instrument is less satisfactory 
than the Evelyn photoelectric colorimeter. For inulin concen- 
trations above 5 mg. per cent the Duboscq colorimeter gives 
results which are very satisfactory. 

Determination of Blank Value of Reagents — 5 cc. of distilled 
water are heated with the diphenylamine reagent for 1 hour, and 
cooled as above. The final color yielded by the blank reagents 
should be very slight. It is subtracted from the total color by 
adjusting the photoelectric colorimeter to read 100 per cent trans- 
mission with the tube containing the blank. The corresponding 
unknowns are then read at the ‘^center setting^' of the blank. 
If the blank solutions show slight variations from tube to tube, 
several of them should be combined and used for an average 
setting. 

Calibration — Inulin (c.p. Pfanstiehl) is dried at 80° to 100° for 
1 hour and cooled in a desiccator. A solution is prepared con- 
taining exactly 1 gm. of this dried inulin in 100 cc. of water. From 
this solution dilute standards containing from 0.001 to 0.015 mg. 
per cc. are prepared, and these are analyzed by the method given 
above beginning with ‘^Development of color.^^ The logarithm 
of the per cent light transmission as obtained in the Evelyn color- 
imeter, or the stufenphotometer, is plotted against concentration 
of inulin. The calibration line plotted on semilogarithm paper 
is shown in Fig. 1 where it may be seen that the color intensity 
exhibits a linear relationship to inulin concentration from 0.001 
to 0.005 mg. per cc. At higher concentrations the calibration 
line is curvilinear, but is always reproducible. Because inulin 
varies slightly in composition^ depending upon its source^ calibration 
curves should be made on the particular inulin used by each laboratory, 

* The colorimeter and filters may be obtained from the Rubicon Com- 
pany, Philadelphia. 
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Calculations and Corrections for Nortrlnvlin Chromogenic Svb^ 
stances in Blood and Urine — For aqueous solutions or very dilute 
urine containing inulin the concentration is obtained directly 
from the calibration line, or when the ordinary colorimeter is 
employed, by comparison with standard inulin solutions. How- 
ever, for serum or plasma a correction must be made for the color 



Fig. 1. Calibration curve showing relation between the per cent of light 
transmitted and the concentration of irAilin. (Evelyn photoelectric 
colorimeter with Filter 660.) 

% 

V 

produced by the non-inulin chromogenic compounds in the blood. 
This is accomplished by one of the following methods. 

Method 1 {When Highest Accuracy Is Required) — A sample 
of plasma or serum is obtained shortly before the injection of 
inulin. It is treated by the yeast fermentation technique and 
the inulin equivalent of the residual chromogenic material ob- 
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tained. This value is so small and so constant that it may be sub- 
tracted from the tota^l inulin value of all blood specimens taken 
after injection of inulin. In most cases it should be sufficient to 
determine this value once on a control blood under the conditions 
of the particular experiment and to use it as a constant correction 
thereafter. 

The dilution effect from the water in the yeast suspension is 
obtained by applying the hematocrit value obtained on the yeast 
suspension. 

For concentrated urine containing small amounts of inulin 
the urine itself may contribute a small blank. In such cases the 
blank is obtained on a specimen of urine collected under the same 
conditions as the subsequent ones containing inulin. The correc- 
tion due to non-inulin chromogenic material is very small in 
almost all inulin clearance experiments. It might be large when 
other substances such as glucose arc injected with the inulin; in 
such a contingency the fermentation technique described for the 
plasma or serum should also be applied to the urine. 

Method 2 {When Fermentation Is Not Employed) — The plasma 
or serum obtained before the injection of inulin is analyzed for 
non-inulin chromogenic material. The blank value averages 
about 7 mg. per cent. This value is subtracted from the total 
inulin values of the subsequent samples. Unless the inulin con- 
centration lies above 30 mg. per cent, this method leads to fairly 
large errors. 


EXPERIMENTAL 

Determination of Inulin Added to Normal Human Plasma and 
Urine — Inulin was added to human serum or plasma and analyzed 
by the complete procedure including fermentation. Thp results 
given in Table I show the high degree of accuracy obtained by 
the method. From 4 to 15 mg. per 100 cc. the error is 2 per cent 
or less; and even at the exceedingly low value of 2 mg. per 100 cc. 
the error is only 5 per cent. Comparable recoveries are obtained 
with analyses performed on normal urine containing added inulin, 
as shown in Table II. 

Determination of Inulin Added to Abnormal Human Plasma 
and Urine — -Inulin was added to plasma and urine obtained from 
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patients suffering from severe \iremia or severe jaundice with high 
serum and urine bilirubin contents. Also, urines containing large 
quantities of protein were studied. In each case the accuracy of 
the inulin determination compares favorably with the results 
found with normal plasma and urine. 

When plasma and urine obtained from diabetic patients are 
both analyzed by the fermentation technique, the results agree 


Table I 

Recoverie% of Inulin Added to Blood Plasma {Plasma Fermented) 


Inulin added 

Inulin recovered 

1 

Error 

mg. per 100 cc. 

mg. per 100 cc. 

per cent 

2.03 

1.93 

-4.9 

4.09 1 

4.09 

0.0 

8.06 

8.24 

+2.2 

8.06 i 

8.11 

-0.6 

11.55 

11.40 

-0.9 

10.20 

10.30 

+1.0 

14.70 

14.95 

+2.0 


Table II 


Recoveries of Inulin Added to Untreated Urine 


Inulin added 

Inulin recovered 

Error 

mg. per 100 cc. 

mg. per 100 cc. 

percent 

96.0 

93.6 

-2.5 

96.0 

96.6 

+0.6 

96.0 

92.3 

-3.9 

229.0 

227.6 

-0.6 

229.0 

227.6 

-0.6 

229.0 

221.0 

-3.6 


with those from normal subjects. In diabetic patients, however, 
the fermentation technique must always be employed. 

Effect of Various Protein Predpitanls — ^Various protein pre- 
cipitants have been tested. Tungstic acid is unsuitable because 
a precipitate develops during heating. Trichloroacetic acid, iron, 
and mercury yield higher blanks for the non-inulin chromogenic 
substances in the blood. Somogyi zinc precipitation yields results 
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identical with those obtained by the cadmium precipitation de- 
scribed above.^ The cadmium precipitation was adopted in prefer- 
ence to the Somogyi precipitation, because the former method 
allows simultaneous determination of creatinine and inulin clear- 
ances. Creatinine analyses are more accurate when performed 
on cadmium filtrates (Miller and Allinson).* 

Choice of Serum or Plasma for Analysis; Effect of Blood Anti- 
coagulant — Determinations of blood inulin yield identical values 
with either plasma or serum. Potassium oxalate or heparin, the 
only anticoagulants tested, does not interfere with the analysis. 

SUMMARY 

A method is described for the determination of inulin by a 
simple, direct colorimetric procedure which possesses great sen- 
sitivity and specificity. In this method the color reaction between 
fructose and diphenylamine has been adapted to the estimation 
of inulin in serum, plasma, and urine. The intense blue color 
produced by inulin is measured by a photoelectric or visual 
colorimeter. 

By this procedure plasma inulin concentrations as low as 2 mg. 
per cent may be determined with a high degree of accuracy. 
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* In a recent paper Steinitz (9) objects to the use of cadmium hydroxide 
as a protein precipitant for the determination of inulin. He states that 
cadmium yields lower values than precipitation by zinc hydroxide. We 
have recently performed additional recovery experiments on serum con- 
taining 15 and 150 mg. per cent of added inulin, and have found that both 
types of precipitants give identical and correct values. 

* Miller, B. F., and Allinson, M. J. C., unpublished results. 
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Some of the diflBiculties inherent in the determination of osmotic 
pressure by the methods already in use were felt most acutely in 
this laboratory when attempts were made to study human serum 
fractions both in normal and in nephrotic subjects. 

In the technique used so successfully by Adair (1), a collodion 
bag containing the protein solution is tied to the lower end of a 
glass tube and immersed in a vessel containing the outer fluid. 
Several cc. of solution, a cold room, and much time are required 
(equilibrium being usually reached only after a week or two). 
The protein concentration must be measured in each bag after 
the end of the experiment, since some change in concentration 
always occurs. A determination of the specific gravity of the fluid 
and a correction for capillarity are also required. These compli- 
cations render the accurate determination of low pressures rather 
hazardous. 

For clinical purposes, many investigators, following Govaerts 
(2) and Krogh and Nakazawa (3), have used a different system, 
which involves a flat membrane (usually cellophane) and requires 
only a fraction of a cc. of solution. Two features of the method 
are that a counterpressure is applied on the inner fluid through 
a water manometer, and that the outer fluid is usually represented 
only by a moist disk of filter paper. We soon realized that this 
method, which is suitable for approximate clinical work, becomes 
useless if accuracy in the determination of low pressures is desired. 

In more recent years, Oakley (4) has attempted to obviate some 
of the defects pointed out above. Unfortunately, his apparatus 
requires large amounts of material, and is very sensitive to tem- 
perature changes. 
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The method outlined below requires no more than 0.2 cd. of 
solution. At room temperature equilibrium is usually reached 
in 3 to 4 hours, and the final reading can be made from 3 to 4 
hours later. There is no determination of concentration after 
the reading, no correction for specific gravity or capillarity. It 
is accurate enough so that a protein solution as little concentrated 
as 0.026 mM still gives readings which usually check within less 
than 5 per cent. 


Description of Apparatus 

The apparatus is essentially composed of the following parts: 

1. A hard rubber part. This encloses a horizontal flat mem- 
brane separating the inner chamber (below), which contains the 
liquid to be examined, from the upper chamber (above). 

2. A Y-shaped glass tube. The lower branch of the tube is 
connected with the inner chamber; one of the upper branches is 
connected through a stop-cock with the outer chamber; the 
other branch bears a capillary graduated in mm., which is the 
manometer. 

The following description should be read with the help of Fig. 1. 

The part containing the membrane is similar, if considered 
upside down, to that described by Krogh and Nakazawa (3). 
It is entirely made of hard rubber. The central piece d encloses 
the inner chamber h whose capacity is about 0.2 cc. and which 
is to receive the protein solution. The upper face of h is repre- 
sented by the membrane g, followed by a perforated, hard rubber 
disk /, a thick soft rubber washer c, and cylinder 6. All these 
parts are firmly clamped together by screwing c over h and d. 
This arrangement isolates tightly the inner chamber h from the 
outer chamber A', permitting no protein solution to escape into 
the latter; at the same time crumpling of the membrane, which 
inevitably happens when the latter is in direct contact with a 
soft rubber washer, is here prevented. 

At the bottom of d the arm I of the glass tube is inserted and 
firmly held in place by screwing the hard rubber cap i. The 
latter is separated from d by a hard rubber washer k and a soft 
rubber washer j. 

The lower arm of the glass tubing is of 0.6 mm. inner diameter. 
It is bent twice at right angles, and before dividing into its two 
branches it widens into chamber m (0.05 to 0.1 cc. in capacity). 
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Chamber m is so placed that its floor, when the apparatus is as- 
sembled, is at the same level as the membrane. 



Fia. 1 


One of the branches V of the tube is provided with a 1-way 
stop-cock n which opens into a section of transparent rubber 
tubing, s, followed by a section of glass tubing, t, which passes 



620 Determination of Low Osmotic Pressure 


through the hard rubber plug a. The latter bears a small hole 
u which insures atmospheric pressure inside chamber A'. 

The other branch T opens into cup p, which bears tube r. The 
latter is made of high grade 0.2 mm. capillary tubing, and is 
graduated in mm. The lower part of r widens into chamber g, 
the capacity of which is 0.05 to 0.1 cc. Capillary r is firmly 
plugged into cup p and contact takes place through carefully 
groimd surfaces. 


Description of Method 

The apparatus is assembled and filled in the following way. 

The glass tube is first fitted to s, t, a, and to i, fc, and jy but not 
to r. The membrane, which has been dipping in the solution 
which is to be the outer fluid, is rapidly dried between two sheets 
of filter paper and immediately set in place in d, followed by 
/, c, and b. If the membrane is very thin, it is necessary to sepa- 
rate it from the perforated plate by a disk of filter paper, in order 
to give it perfect rigidity; the diameter of the paper disk should 
be slightly less than the upper diameter of the inner chamber. 
Then c is firmly screwed on. The object is now inverted and 
about 0.2 cc. of the solution to be tested is pipetted into A. Arm I 
is now introduced and pressed down until the fluid fills I as far as 
the entrance to chamber m. Cap i is then tightly screwed on. 

The apparatus is now inverted again and placed in a support. 
Chamber A' receives about 1.5 cc. of outer fluid, a is plugged in 
place, and a slight negative pressure is applied over cup p so as 
to bring the fluid up through t and s and down through V, m, 
and Z" until it fills cup p. There should be no bubbles left in the 
capillary parts. A small bubble at the top of s is immaterial. 

The manometer is prepared as follows: Its lower end is dipped 
in toluene, which is sucked up until it fills about the lower half 
of chamber g. It is then dipped in water, which is sucked up until 
the toluene fills the upper half of the chamber and the beginning 
of the capillary. The ground surface is lubricated with vaseline, 
and the capillary is plugged into p. 

The whole procedure takes but a few minutes. 

The apparatus should be placed in a water bath, the water 
just covering the top of c, and in a room at approximately constant 
temperature. It is now ready for operation. 
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The stop-cock being open, the toluene column in the manometer 
comes into hydrostatic equilibrium with the fluid in chamber A' 
through V'f r, Sf and t. The pressure thus registered is pi. As 
soon as the cock is closed the meniscus starts to rise, because to 
the hydrostatic pressure already present is now added the osmotic 
pressure which tends to transfer water through the membrane 
from A' to A, and therefrom to the manometer through I and 
The rise of toluene will finally stop when the height of the toluene 
balances the sum of the hydrostatic and of the osmotic pressures. 
The figure then read is p 2 . The osmotic pressure alone, in mm. 
of toluene, is p 2 — Pi* When, after the readitig of p 2 , the cock is opened 
again, the toluene falls back to pi. Since some slight changes may 


Table I 

Omotic PresBure of a 0,1 mu Solution^ Expressed in Mm, of 
Toluenet at Different Temperatures 


Temperature 

Preeaure 

Temperature 

PriMure 

• c . 

mm. 

• c . 

mm. 

16 

28.0 

23 

29.0 

16 

28.2 

24 

29.2 

17 

28.3 

25 

29.3 

18 

28.4 

26 

29.4 

19 

28.5 

27 

29.6 

20 

28.7 

28 

29.7 

21 

28.8 

29 

29.8 

22 

28.9 

30 

30.0 


have occurred in the whole system between the beginning and the 
end of the experiment, it is obviously preferable to take the second 
Pi reading rather than the first. 

Table I gives the osmotic pressure, expressed in mm. of toluene, 
developed by a 0.1 him solution, in function of temperature. The 
calculations were based on the van't Hoff law and on the variation 
of the specific gravity of toluene with temperature (4). 

The membrane being firmly held in place, no appreciable dilu- 
tion can occur during the procedure. The amount of water which 
passes through the membrane imtil the final pressure is reached is 
exceedingly small. For example, a 0.1 him solution will cause a 
rise of the toluene column of about 30 mm. The capillary being 
0.2 mm. in inner diameter, the amount of liquid displaced will 
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be 0.1* X 3.14 X 30 = 0.94 c.mm. The capacity of chamber h 
being about 200 c.mm., this will mean a dilution of less than 0.6 
per cent. A correction can be calculated for the purpose. For 
the same reason, the increase in pressure will not affect appreciably 
either the height of fluid in h\ or the capillary forces at the water- 
toluene interface in q. 

Since the fluid to be tested fills entirely the U formed by the 
lower arm of the tube, and chambers m and h being at the same 
level, no correction for specific gravity is necessary. No capillarity 
correction is necessary for obvious reasons. 

Toluene has been chosen because, besides being almost non- 
miscible with water, it is remarkably fluid and never adheres 
in the capillary tube (water for that purpose would be quite 
unsuitable). It should be noted that when the apparatus is 
dismantled the manometer should not be emptied, but kept as it 
is in a vertical position with its lower end dipping in water. It 
can thus be used indefinitely. 

The apparatus can be conveniently used also for the determina- 
tion of higher pressures by connecting, through a section of rubber 
tubing, the toluene manometer with a water manometer. The 
procedure then simply consists, after closing the stop-cock, in 
keeping the toluene meniscus approximately immobile by increas- 
ing progressively the counterpressure in the water manometer 
until equilibrium is almost reached. The apparatus is then left 
alone while the toluene meniscus climbs a few mm. and finally 
remains immobile. The final reading is given by the sum of the 
toluene pressure difference (p 2 — Vi) the water counter- 
pressure applied. The specific gravity of toluene at room tem- 
perature is about 0.865 (5). 

In order to test the apparatus, we prepared human hemoglobin 
solutions in the following way (6). 

Oxalated blood was centrifuged, the serum removed, and the 
cells washed twice with 10 times their volume of 1.5 per cent 
NaCl. To 1 cc. of packed cells were added 0.3 cc. of water, 0.3 
cc. of ether, and 0.2 gm. of solid NaCl. The solution obtained 
was centrifuged and filtered. It was then dialyzed against dis- 
tilled water at room temperature in a little cellophane bag. The 
bag was held fiat against a hard rubber frame, so as to offer the 
greatest possible surface in proportion to the volume of solution. 
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It was thus rocked in a trough for a few hours until the outer 
fluid, which was often renewed, remained salWree. A mixture of 
Sdrensen's phosphate solution was then added to the hemoglobin 
so as to make the final concentration m/30 and the pH 6.8. Under 
these conditions it is generally agreed (7) that the protein has a 
molecular weight of approximately 68,000. From this stock 
solution several more dilute solutions were prepared. They 
would keep in the ice box for weeks, without any apparent altera- 
tion. Spectroscopic examination showed no appreciable met- 
hemoglobin. As the proportion of total nitrogen, 16.75 per cent 
was used in the calculation (6). Total nitrogen determinations 
were made with the Van Slyke gasometric apparatus (8). 

The difiiculty of the method lies obviously in the use of a suitable 
membrane. Cellophane, of the kind which is quite satisfactory 
for dialysis, proved useless. With it, the pressure would rise 
a few mm., then stop abruptly and remain unchanged; no better 
result was ever obtained. With home-made collodion membranes 
the first results were not too unsatisfactory, but it was felt that 
a commercial product, if available, would give better guarantees 
of reproducibility. Therefore cellulose membranes manufactured 
according to Zsigmondy and listed as ‘‘ultrafine medium^^^ were 
tried and proved quite suitable. 

Since these membranes are not very accurately graded, a few 
precautions are necessary. One large piece, as sold, can be cut 
into several small disks to fit the size of the apparatus. It is 
probably safe to test every one of these with a standard hemo- 
globin solution before using them further. 

Since even membranes that seemed good at first sometimes 
later behaved abnormally, it was observed that plotting a time 
curve of the pressure change was helpful in eliminating erratic 
results, and that the two following conditions should be satisfied 
for the obtention of the most accurate figures. 

1. The pressure-time curve should be quite smooth and regular, 
Ap/A< remaining always positive and decreasing slowly until 
equilibrium is reached. 

2. Equilibrium should remain unchanged for at least 3 hours, 
with variations no greater than ±0.1 mm. 


‘ Sold by Pfaltz and Bauer, Inc., New York. 
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Generally speaking, when a result is wrong, the final figure 
cannot be read exactly; it usually comes out 20 or 30 per cent 

Table II 

Molecular Weight Determination of Hemoglobin; Concentration 
0.186 Per Cent; Temperature £1^ 

The values are given in mm. 


Osmometer No 

1 

2 

3 

4 

11.25 a.m 

16.3 

11.2 

8.0 

5.9 

1.10 p.m. 

22.9 

16.2 

13.2 

12.0 

2.20 “ 

23.2 

17.3 

14.3 

12.6 

3.27 ** 

22.9 

17.9 

14.8 

12.9 

4.40 “ 

22.4 

18.1 

15.0 

13.0 

5.55 

22.0 

18.2 

15.1 

13.0 

6.40 

21.9 

18.2 

15.1 

13.0 

9.00 “ 

22.1 

18.1 

15.0 

13.0 

(Stop-cocks opened) 





9.20 p.m. 

16.3 j 

10.6 

7.7 

5.4 


22.1 

18.2 

15.1 

13.0 


-16.3 

-10.6 

-7.7 

-5.4 

p =» Ps — Pi * 

5 8 

7.6 

7.4 

7 6 

A/r 1 4 . 28.8 mm. ^ 

Mol. wt. « X 

V 





0.186 X W « 


71,000 

72,000 

71,000 


Table III 

Molecular Weight of Human Hemoglobin in m/SO Sdrenaen^e 
Phosphate Buffer at pH 6.8 

Normal subject Patient with nephrosis 


Concentration 


0.176 per cent 

0.352 per cent 

0.704 per cent 

0.186 per cent , 

0.650 per cent 

73.000 

70.000 

65,800 
66,300 " 

70.000 
69,500 

68.000 

67,400 

69,600 

74.000 

71.000 

73.000 

69.000 

71.000 

73.000 

71.000 

68,000 

65,000 

67,100 


too low, and its time curve is flagrantly abnormal, so that it can 
be excluded most easily. Table II gives an example. 
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Obviously the curve obtained from Osmometer 1 is unsatisfac- 
tory and should be rejected. 

In the results given in Table III, all final figures read remained 
constant for at least 3 hours (sometimes much longer). As some 
of the determinations were allowed to stand overnight, complete 
time curves were not obtained for all, but there was no indication 
that important irregularities had occurred. 

No particular claim is made as to the absolute accuracy of the 
molecular weights obtained, since they are reported primarily as 
an illustration of the method. The figures found for the smallest 
concentrations are by a few per cent above the molecular weight 
usually quoted. Whether this is due to a systematic experi- 
mental error (for which the membrane would most likely be 
responsible) or to the fact that at infinite dilution the correct 
figure is actually about 71,000 cannot be said yet. It should be 
borne in mind that the pressures read in that case are less than 
8 mm. of toluene. 


SUMMARY 

An apparatus is described with which low osmotic pressures 
can be measured accurately on 0.2 cc. of solution and in less than 
8 hours. Satisfactory results are obtained on solutions as little 
concentrated as 0.025 mM. 

The method is illustrated with determinations of the molecular 
weight of human hemoglobin. 
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THE SPECIFICITY OF PEPSIN 

Bt JOSEPH S. FRUTON and MAX BERGMANN 
With the Collaboration op William P. Anslow, Jr. 

(From the Laboratories of The Rockefeller Institute for Medical Research, 

New York) 

(Received for publication, December 13, 1938) 

All the hitherto available information regarding the enzymatic 
action of pepsin has been obtained through the use of proteins 
as substrates. Much of this information must be regarded as 
tentative as long as no substrate of simple, well known structure 
can be provided for the study of pepsin action. It is the purpose 
of the present communication to report the finding of such sub- 
strates for swine pepsin. 

The compound carbobenzoxy-Z-glutamyl-i-tyrosine (I) is hy- 
drolyzed to carbobenzoxyglutamic acid and tyrosine in the pres- 
ence of crystalline swine pepsin. The hydrolysis occurs optimally 
at about pH 4 (Fig. 1). At pH 1.8 to 2, which is generally ac- 
cepted as the optimum for pepsin, the hydrolysis of substrate 
(I) occurs rather slowly. Repeated recrystallization of the pepsin 
preparation did not appreciably alter its activity towards sub- 
strate (I). On the other hand, inactivation of pepsin at pH 8.0, 
followed by readjustment of the activity to pH 4.0, resulted in 
loss of the hydrolytic activity toward the substrate. The pos- 
sibility that the splitting of substrate (I) by crystalline pepsin 
might be due to the presence of another enzyme of the cathepsin 
type is unlikely, since neither cysteine nor hydrogen peroxide 
had any effect on the rate of hydrolysis. Furthermore, there was 
no demonstrable carboxypeptidase activity in the enzyme prepa- 
rations employed. The results of all these experiments justify 
the conclusion that the splitting of carbobenzoxyglutamyltyrosine 
is attributable to the action of pepsin itself (Table I). 

The specificity of the pepsin action at pH 4 was investigated 
by means of other synthetic compounds differing from carbo-‘ 
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benzoxyglutamyltyrosine to a greater or lesser degree. Sub- 
stitution of the tyrosine portion of the peptide by various amino 
acids showed that while carbobenzoxy-I-glutamyl-I-phenylalanine 


COOH 

1 


1 

CH, 

GAOH 


CH, CH, 

I 1 I 

C4l6 • CH, 0 CO— NH ■ CH • CO-J-NH • CH COOH 


(I) 


COOH 

1 


1 

CH, 

1 

CJH 4 OH 

1 

CH, 

CH. 


C,H» • CH, • 0 CO— NH CH • CO-f NH • CH • CO— NH, 
(II) 


COOH 

1 


1 

CH, 

1 

CeH4 0 H 

! 

1 

CH, 

1 

1 

CH, 

1 

C,H* • CH, • 0 • CO— NH • CH • CO- 

1 

LnH • CH • CO— NH CH, • COOH 


(III) 


COOH 

1 


1 

CH, 

1 

CeH 4 0 H 

1 

1 

CH, 

1 

CH, 


NH, • CH, • CO— NH • CH • CO-[-NH • CH • COOH 
(IV) 

was split fairly rapidly by pepsin with an optimum at about pH 
4.5 (c/. Fig. 1), carbobenzoxy-Z-glutamyl-J-diiodotyrosine, carbo- 
benzoxy-Z-glutamyl-i-glutamic acid, and carbobenzoxy-J-glutamyl- 
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Fig, 1. pH dependence of hydrolysis of synthetic substrates by crystal- 
line pepsin. Curve A, carbobenzoxy-i-glutamyl-Z-tyrosine; Curve B, 
carbobenzoxy-i-glutamyl-i-phenylalanine. Enzyme concentration, 2.4 mg. 
of pepsin N per cc. 


Table I 


Hydrolysis of Carbobenzoxyglutamyltyrosine with Crystalline Pepsin* 


Enayme preparation 

Time 

Hy. 

drolyaia 



kr§. 

per eent 

Twice crystallized pepsin, 

1.4 mg. protein N per cc. 

24 

53 

ii tt tt 

inactivated at pH 8 and read- 

24 

0 

justed to pH 4 




4 times crystallized pepsin. 

1.5 mg, protein N per cc. 

24 

54 

Twice crystallized pepsin, 

1.4 mg. protein N per cc. 

22.5 ? 

51 



46.5 

72 

<( H It 

-h cysteine (0.005 mM per cc.) 

22.5 

53 



46.5 

72 

Twice crystallized pepsin, 

0.8 mg. protein N per cc. 

24 

33 

t( tt tt 

-|- hydrogen peroxide (0.2 mw 

24 

35 

per cc.) 





• pH 4.0. 
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glycine were resistant to pepsin action (Table II). On the other 
hand, substitution of the glutamic acid residue indicated that both 
carbobenzoxyglycyl-Z-tyrosine and carbobenzoxy-Z-tyrosyl-Z-ty- 
rosine were split by pepsin at a rather slow rate. All the peptides 
which were found in these experiments to be hydrolyzed by swine 


Table II 

Behavior of Synthetic Substrates toward Crystalline Pepsin* 


Substrate 

Time 

Hy- 

drolysis 

Isolation of products 

1 

hra. 

par cent 


Carbobenzoxy-Z-glutamyl-Z-tyrosine 

6 

18 

Carbobenzoxy- 




Z-glutamic 




acid 


24 

64 



48 

81 1 

Tyrosine 

Carbobenzoxy-Z-glutamyl-Z-phenylalanine 

24 

26 



48 

51 



96 

93 


Carbobenzoxy-Z-glutamyl-Z-diiodotyrosine 

24 

0 



48 

-1 i 


Carbobenzoxy-Z-glutamyl-Z-glutamic acid 

24 . 

3 i 



48 

3 1 



96 

5 


Carbobenzo3iy-Z-glutamylglycine 

24 

2 



48 

3 



96 

5 


Carbobenzoxy-Z-tyrosyl-Z-tyrosine 

24 

8 



48 

16 



96 

29 


Carbobenzoxyglycyl-Z-tyrosine 

24 

11 



48 

30 



96 

43 



* pH 4.0; 1.6 mg. of pepsin N per cc. 

t Beginning of tyrosine crystallization. If the reaction is allowed to 
proceed, about 60 per cent of the liberated tyrosine crystallizes out. 


pepsin contain the aromatic amino acid residues tyrosine or 
phenylalanine. In the most sensitive substrates, tyrosine is 
combined with glutamic acid. On the basis of these experiments 
one may infer that the sensitivity of a peptide bond toward pepsin 
depends upon the nature of both amino acid residues which par- 
ticipate in the peptide bond that is hydrolyzed. However, there 
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are still other structural details of the substrate molecule which 
influence its sensitivity towards pepsin. 

All the previously mentioned synthetic substrates for pepsin 
contain a free a-carboxyl and a free 7-carboxyl close to the peptide 
bond which is hydrolyzed by the enzyme. Substitution of the 
a-carboxyl of substrate (I) to yield carbobenzoxy-i-glutamyl-i- 
tyrosineamide (II) strongly depresses the rate of hydrolysis but 


Table III 

Behavior of Synthetic Substrates toward Crystalline Pepsin* 


Substrate 

Time 

Hy-^ i 
drolysis 

Isolation of products 

j 

hxB. 

per cent 


Carbobenzoxy-Z-glutamyl-i-tyrosine 

24 

63 



48 

74 


Carbobenzoxy-I-glutamyl-Z-tyrosineamide 

43 

11 



68 

26 


Carbobenzoxy-2-glutaminyl-Z-tyrosineamide 

43 

3 



68 

6 


Carbobenzoxy-i-glutamyl-/-tyrosylglycine 

24 

39 

Carbobenzoxy- 


48 

68 

Z-glutamic 




acid 

Carbobenzoxyglycyl-Z-glutamyl-Z-tyrosine 

24 

48 

Tyrosine 


48 

62t 


Z-Glutamyl-Z-tyrosine 

74 

3 


Glycyl-i-glutamyl-Z-tyrosine 

24 

32 



48 

43 


Benzoyl-Z-tyrosine 

48 

I 2 


Chloroacetyl-Z-tyrosinet 

24 

0 



* pH 4.0; 1.4 mg. of pepsin N per cc. 
t Tyrosine crystallization. 

t An experiment at pH 7.0 also showed no hydrolysis of this substrate by 
the pepsin preparation. 

does not eliminate it entirely. However, if both carboxyls are 
masked to give carbobenzoxy-i-glutaminyl-i-tyrosineamide, the 
product is entirely resistant to pepsin action (Table III). Fur- 
thermore, substitution of only the 7-carboxyl, as in carbobenz- 
oxy-Z-glutaminyl-Z-phenylalanine, results in a slowing down of 
the hydrolysis, when compared with the hydrolysis of the acid 
containing two carboxyls (Table IV). One may conclude, there- 
fore, that the presence of free carboxyls is favorable to the action 
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of pepsin if other structural requisites for the enzymatic action 
are fulfilled. In order to subject this conclusion to still another 
test, carbobenzoxy-i-glutamyl-i-tyrosylglycine (III) was in- 
vestigated. The latter possesses a free a-carboxyl but at a greater 
distance from the glutamyltyrosine linkage than in (I) . However, 
the rate of peptic hydrolysis of (III) is only slightly diminished 
when compared with that of (I); it is, however, remarkably in- 
creased when compared with that of the amide (II). 

These results showing the favorable influence of free carboxyls 
lead to the expectation that pepsin action is inhibited by the 
presence, in the substrate, of a free amino group in close proximity 


Table IV 

Behavior of Synthetic Substrates toward Crystalline Pepsin* 


Substrate 

Time 

Hydrolsreis 


hra. 

per cent 

Carbobenzoxy-Z-glutamyl-Z-phenylalanine 

24 

24 


46 

38 

Carbobenzoxy-Z-glutamyl-d-phenylalanine 

24 

5 


46 

3 

Carbobenzoxy-Z-glutaminyl-Z-phenylalanine 

20 

8 


44 

26 


92 

60 

Carbobenzoxy-i-phenylalanyl-Z-glutamic acid 

20 

6 


44 

20 


* pH 4.2; 1.4 mg. of pepsin N per cc. 


to the peptide bond. Z-Glutamyl-J-tyrosine is completely re- 
sistant to the action of pepsin. Furthermore, the following 
compounds containing basic groups were tested for lability toward 
pepsin, with completely negative results at pH 2 and pH 4: ben- 
zoyl-J-lysineamide, benzoylglycyl-Wysineamide, benzoyl-Z-histi- 
dineamide, benzoylglycyl-Z-histidineamide, benzoyl-Z-arginine- 
amide. However, the free tripeptide glycyl-Z-glutamyl-Z-t 3 a-osine 
(IV) is split by pepsin with remarkable ease (Table III) between 
the glutamyl and tyrosine residues. 

The specificity of pepsin is sensitive not only to the nature of 
the amino acids which participate in the peptide bond of the 
substrate, but also to the sequence of these amino acids. As an 
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example, carbobenzoxy-t-phenylalanyl-i-glutamic acid is hy- 
drolyzed much more slowly than is carbobenzoxy-J-glutamyl-J- 
phenylalanine (Table IV). 

The optical selectivity of pepsin is demonstrated^in the resistance 
of carbobenzoxy-J-glutamyl-d-phenylalanine to the hydrolytic 
action of the enzyme (Table IV). 

A few years ago Calvery and Schock (1) found that pepsin 
liberates tyrosine from egg albumin. It was rather difficult to 
reconcile this observation with the generally accepted opinion that 
all polypeptides were resistant to pepsin action. The hypothesis 
was discussed that, during the pepsin action on egg albumin, 
there might be formed peptides containing tyrosine in a special, 
hitherto unknown, and extremely labile combination (2). Hy- 
potheses of this kind now become unnecessary, since it has been 
shown that pepsin splits peptide linkages of simple peptides, such 
as glycylglutamyltyrosine, with the liberation of tyrosine. The 
latter process is comparable to the formation of tjrrosine during 
the pepsin action on egg albumin. Our experiments have demon- 
strated that pepsin is not restricted to the splitting of centrally 
located peptide bonds but also hydrolyzes terminal peptide bonds 
if they are situated at the carboxyl end of the peptide chain. 
The formation of tyrosine during the peptic digestion of a genuine 
protein probably proceeds in such a manner that at first the 
carboxyl group of tyrosine is liberated and that afterwards the 
peptide bond involving the amino group of tyrosine is hydrolyzed. 

The enzymes that digest genuine proteins are usually classified 
as pepsinases, tryptases, or papainases on the basis of the pH 
optimum of their rather complex action on proteins (3). It is 
assumed that pepsin has its optimum around pH 1.8,^ while the 
optimum of the papainases was found to depend upon the nature 
of the substrates and to vary from pH 3 to pH 10. However, 
the experiments with synthetic substrates have demonstrated the 
pepsin action to depend largely upon the structure of the substrate 

1 Dyckerhoff and Tewes (4) observed that the splitting of casein and 
gelatin by pepsin is, under certain conditions, more rapid at pH 4 than at 
pH 2. However, Northrop (6) has shown that the pH determinations 
performed by these authors by means of the indicator method were erro- 
neous and that their experiments were actually carried out at about pH 
2.35 and not at pH 4. 
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and to extend deeply into the range which was hitherto regarded 
as being reserved for the papainases. Consequently, it is not 
possible any longer to base the differentiation between pepsin 
and papainases on the assumption that pepsin has a single char- 
acteristic pH optimum. Another consequence is the following. 
If it is desired to investigate whether a given peptide or peptide 
derivative can be hydrolyzed by pepsin, a series of tests at different 
pH values must be performed. The splitting of carbobenzoxy- 
glutamylphenylalanine by pepsin would never have been observed 
if experiments had been performed only at pH 1.8. 

The preference shown by pepsin to peptides containing glutamic 
acid^ in addition to tyrosine or phenylalanine may partly explain 
the rapid and extensive hydrolysis by pepsin of proteins such as 
edestin, casein, and egg albumin (6) which contain many aminodi- 
carboxylic acid residues as well as tyrosine and phenylalanine. 
The slow peptic hydrolysis of gelatin (6) corresponds to a very 
low content of aromatic amino acids. Protamines with a very 
high content of basic amino acids are either resistant to pepsin 
or attacked very slowly by the enzyme. This is in accord with 
the fact that no peptide derivative of well established structure 
and containing a basic amino acid as constituent is known to be 
digested by pepsin. Before a final conclusion is reached, however, 
it seems desirable to study a greater number of peptides which 
contain the residues of basic amino acids, and especially those 
peptides that contain the residues of basic amino acids as well 
as of aromatic amino acids. 

Pepsin is not the only proteinase of the gastrointestinal tract 
that is specifically adapted to the hydrolysis of substrates con- 
taining tyrosine or phenylalanine. Chymotrypsin exhibits a 
similar preference towards the residues of these aromatic amino 
acids (7). Nevertheless, both enzymes exhibit distinctly different 
specificities. For example, pepsin hydrolyzes carbobenzoxy- 
glutamyltyrosine between the two amino acid residues, thus 
demonstrating that it is not inhibited by an a-carboxyl in close 
proximity to the peptide bond which is attacked. Chymotrypsin 
does not hydrolyze the previously mentioned substrate; the 
enzyme does, however, hydrolyze carbobenzoxytyrosylglycine- 
amide between the tyrosine and the glycine residues. Carbo- 

* The behavior of peptides containing aspartic acid has not been in- 
vestigated as yet. 



J. S. Fruton and M. Bergmann 


635 


benzoxytyrosylglycine is not attacked by chymotrypsin. Thus 
chymotrypsin is, in contrast to swine pepsin, highly sensitive 
towards the a-carboxyl. However, both enzymes are similar in 
that they do not require a basic group within their respective 
substrates. Therefore, the enzymatic hydrolysis of, for example, 
carbobenzoxyglutaraylt3n:osine by pepsin represents the inter- 
action of an acidic enzyme and an acidic substrate. 

The availability of synthetic substrates for pepsin having only 
one sensitive peptide bond permits a more precise study to be made 
of the kinetics of peptic hydrolysis and the quantitative estimation 
of pepsin in biological fluids. Furthermore, it permits a com- 
parative study of the relative specificities of pepsins of various 
animal species to be undertaken. 

The authors wish to express their thanks to Mr. S. Nagy who 
performed the analyses reported in this paper. 

EXPERIMENTAL 

Carbobenzoxy4^ltUamyUUTyrosin^ — This compound was pre- 
pared as described in (8). 

The enzymatic hydrolysate by pepsin of 554 mg. of this sub- 
stance was filtered from a small amount of crystalline material 
which had separated during the reaction (15 mg. of tyrosine), 
concentrated to a small volume, and acidified to Congo red. The 
resulting oil was extracted with ethyl acetate. The ethyl acetate 
extract was dried and concentrated. Addition of petroleum 
ether resulted in the crystallization of a material (175 mg.) which 
after recrystallization from ethyl acetate-petroleum ether melted 
at 116®. When mixed with an authentic sample of carbobenzoxy- 
Z-glutamic acid, the melting point was 118®. The aqueous layer 
from the ethyl acetate extraction was adjusted to pH 4 and cooled 
strongly. Tyrosine crystals separated out (32 mg.). Calculated 
for tyrosine, 7.7 per cent NH2-N; found, 7.9 per cent NHj-N. 

Carbob€nzoxy4-GliUamyl4-Ph£nylalanin€ 

Carbobemoxy4-Glviamyl4rPhenykdanine Ethyl Ester — ^To an 
ethyl acetate solution of phenylalanine ethyl ester (prepared 

* The glutamic acid residue in this compound and in the subsequent glu- 
tamyl peptides is linked to the next amino acid through the «x-carboxyl 
group. 
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from 5 gm. of Z-phenylalanine) 3.5 gm. of carbobenzoxyglutamic 
acid anhydride were added to a faintly alkaline reaction. The 
reaction mixture was allowed to stand for 3 hours, washed with 
dilute hydrochloric acid and water, and concentrated down. The 
resulting material was recrystallized from hot ethyl acetate. 
Yield, 4.2 gm. M.p., 144®. 

CaiHifiOvN,. Calculated. C 63.1, H 6.1, N 6.1 

456.5 Found. “ 62.8, 5.9, ‘‘ 6.1 

Carhohenzoxy4-Glutamyl4-Phenylalanine — 1.1 gm. of the above 
ester were shaken with 5 cc. of n NaOH for 15 minutes. On 
acidification to Congo red there separated a syrup which quickly 
crystallized. After recrystallization from ethyl alcohol- water the 
material melted at 162®. Yield, 0.8 gm. 

C22H24O7N2. Calculated. C 61.7, H 5.6, N 6.5 

428.4 Found. 61.6, “ 5.7, “ 6.6 

[a]” - +12.2“ (2.4% in n NaOH) 

Carbobenzoxy4-Glidamyl-d-Phenylalamne 

Carbobenzoxy-UGlutamyl-4-Phenylalanine Ethyl Ester — This 
compound was prepared in the same manner as was the I form. 
M.p., 131®. 

C24H28O7N2. Calculated. C 63.1, H 6.1, N 6.1 

456.5 Found. “ 62.8, 6.1, ** 6.3 

Carbobenzoxy-UGlutamyUd-Pkenylalanine — This compound was 
prepared in the same manner as was the I form. M.p., 122®. 

C22H24O7N2. Calculated. C 61.7, H 5.6, N 6.5 

428.4 Found. 61.4, 5.7, 6.4 

laj” « -21.5“ (2.4% in N NaOH) 

Carbobenzoxy-UGliUamyl-UDiiodotyrosine — 1.7 gm. of carbo- 
benzoxyglutamyltyrosine were dissolved in 25 cc. of concentrated 
ammonium hydroxide and 8 cc. of n l 2 ~KI solution were added 
dropwise with shaking. On acidification to Ck>ngo red there 
resulted a gelatinous precipitate which was filtered off, washed 
with water, and dried. The pure diiodo compound (1.4 gm.) 
was obtained by crystallization from hot alcohol. M.p., 188®. 

CiiHnOsNiIt. Calculated. C 37.9, H 3.2, N 4.0, I 36.5 
Pound, “ 38.0, “ 3.3, 3.8, “36.3 
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The same substance was also obtained by coupling carbo- 
benzoxyglutamic acid anhydride with diiodotyrosine methyl 
ester and saponifying the resulting ester. 

Carbobenzoxy^'-GlutamyUUTyrosinearnide — 1 gm. of the cor- 
responding ester (1) was dissolved in 10 cc. of methyl alcohol satu- 
rated with ammonia at 0®. After 2 days at room temperature, 
the solution was evaporated down and the residue dissolved in 
dilute bicarbonate solution. The substance obtained on acidifying 
with dilute hydrochloric acid was recrystallized from, dioxane- 
ether. M.p., 181®. 

CmHisOtN,. Calculated. C 59.6, H 5.7, N 9.5 

443.4 Found. ‘‘ 59.4, “ 5.8, “ 9.4 

Carbobenzoxy-UGliUarninyUUTyroainearnide — 2.1 gm. of carbo- 
benzoxyglutamyltyrosine ethyl ester were esterified in the usual 
manner with methyl alcohol saturated with hydrogen chloride. 
The syrupy ester obtained on evaporation was treated with a 
methyl alcohol solution of dry ammonia. The diamide crystal- 
lized out on allowing the reaction mixture to stand at room tem- 
perature. Yield, 1.8 gm. M.p., about 240®. 

CmH« 0»N4. Calculated. C 59.7, H 5.9, N 12.7 

442.5 Found, 59.4, “ 6.1, 12.6 

C arbobenzoxy4-Gbdamyl4- Tyrosylglydne 

Carbobenzoxy4-GlviamyUUTyrosvne Hydrazide — 4.7 gm. of the 
corresponding ethyl ester (1) were treated with 1.5 cc. of hydrazine 
hydrate in 5 cc. of absolute alcohol. Slight warming gave a clear 
solution and on standing overnight the hydrazide separated out. 
Yield, 4.5 gm. On recrystallization from absolute alcohol the 
substance melted at 194®. 

CmH 2607N4. Calculated. C 57.6, H 5.7, N 12.2 

458.5 Found. ‘‘ 57.4, 5.6, “ 11.9 

Carbobenzoxy-UGliUamyUl-Tyrosylglycine Ethyl Ester-~2.3 gm. 
of the above hydrazide were suspended in 25 cc. of ice-cold water, 
dissolved by the addition of 6 cc. of concentrated hydrochloric 
acid, and converted to the azide by the addition of 0.5 gm. of 
sodium nitrite. The azide was extracted with ethyl acetate 
and the extract was washed repeatedly with ice-cold water. The 
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dry azide solution was then added to a dry ether solution of glycine 
ethyl ester (from 5 gm. of the hydrochloride). After 24 hours the 
reaction mixture was washed with dilute hydrochloric acid and 
water. On evaporation of the ether-ethyl acetate layer, 1.7 gm. 
of the expected product were obtained. After recrystallization 
from dioxane-ether the melting point was 193-194®. 

Ca*H,iO.N,. Calculated. C 58.9, H 6.9, N 7.9 

529.6 Found. ‘‘ 58.6, ** 5.9, 8.0 

Carhohenzoxy-l-GlutamyUUTyrosylglycine — 2.5 gm. of the above 
ester were suspended in absolute alcohol and treated with 14 cc. 
of N NaOH. The resulting solution was left at 20® for 1 hour, 
acidified to Congo red with n hydrochloric acid, and concen- 
trated down. The syrup which separated crystallized on standing. 
Yield, 2.0 gm. The material was air-dried for analysis. A 
sample dried in vacuo at 100® for 6 hours over P 2 O 6 melted at 182®. 

C24H2709N, H20. Calculated. C 55.5, H 5.6, N 8.1, HaO 3.5 

619.5 Found. 55.7, 5.4, “ 8.2, “ 3.4 

The enzymatic hydrolysate by papain of 250 mg. of this sub- 
stance was concentrated to a small volume and acidified to Congo 
red. The resulting oil was extracted with ethyl acetate. The 
ethyl acetate layer was washed with water and then extracted 
with dilute bicarbonate solution. The bicarbonate extract was 
acidified to give a syrup which crystallized on standing in the ice 
chest. The dry material (86 mg.) melted at 118-120® and gave 
a mixed melting point of 119® with an authentic sample of carbo- 
benzoxy-Z-glutamic acid. 

Carbobenzoxy-/-glutamic acid 

CisHuOsN. Calculated. C 55.5, H 5.4, N 5.0 
281.2 Found. ** 55.3, 5.3, 6.0 

C arhohenzoxyglycyUl-GlutamyUU Tyrosine 

UGlutamyUUTyrosine Ethyl Ester — 4.7 gm. of carbobenzoxy-i- 
glutamyl-i-tyrosine ethyl ester were hydrogenated in alcohol in 
the usual manner. Yield, 3.2 gm. The substance was recrystal- 
lized from hot alcohol. M.p., 144®. 


Ci«H* 20«N2. Calculated. C 56.7, H 6.6, N 8.3 
338.4 Found. “ 56.4, “ 6.4, “ 8.2 
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Carbobenzoxyglycylri-OltUamylrUTyrosine Diethyl Eater — ^3.1 gm. 
of glutamyltyrosine ester were esterified twice in the usual manner 
with ethanol-HCL The syrupy diethyl ester hydrochloride was 
converted to the free ester with potassium carbonate. To the 
ethyl acetate solution of the free ester, 2.3 gm. of carbobenzoxy- 
glycyl chloride were added in two portions with shaking. The 
reaction mixture was then shaken with a dilute bicarbonate solu- 
tion. The ethyl acetate layer was then washed successively with 
water, dilute hydrochloric acid, and water. Crystallization 
occurred when the dried ethyl acetate solution was concentrated 
down. Yield, 4.3 gm. The substance was recrystallized from 
ethyl acetate. M.p., 169®. 

CisHmOjNi. Calculated. C 60.3, H 6.3, N 7.5 

557.6 Found. 60.3, 6.4, 7.6 

CarbohemozyglycyUl-GlviamyUUTyroaine — 2.8 gm. of the diethyl 
ester were suspended in 25 cc. of ethanol and with cooling there 
were slowly added 15 cc. of n NaOH. After 1 hour, 16 cc. of 
N HCl were added (Congo red acidity). The material which 
crystallized out on standing was filtered off and air-dried. Yield, 
2.1 gm. A sample dried in vaciu) at 100® for 5 hours over P 2 O 6 
melted at 173®, 

Ci 4H,70*N, H,0. Calculated. C 55.5, H 5.6, N 8.1, H,0 3.5 

519.5 Found, “ 55.3, “ 5.6, “ 8.0, “ 3.7 

During the enzymatic hydrolysis of 130 mg. of this substance 
by pepsin a crystalline precipitate separated out. It was filtered 
off and dried (20 mg,). Calculated for tyrosine, 7.7 per cent of 
NHjrN; found, 7.8 per cent of NH 2 -N. 

GlycyUUGliUamyl-UTyrosine — 1 gm. of the carbobenzoxy com- 
pound was hydrogenated in the usual manner. The tripeptide 
crystallized out on evaporation of the filtrate. Yield, 0.6 gm. 

CifH„ 07 Nr 2 iH, 0 . Calculated. C 46.6, H 6.4, N 10,2, H,0 10.9 

412.3 Found, “ 46.8, “ 6.4, “ 10.2, “ 10.9 

Carbobenzoxy 4~GliUaminyUUPhenylalanine 

Carbobenzoxy -l-GhUaminyl-UPhenylalanine Ethyl Eater — 2.15 gm. 
of carbobenzoxyglutamylphenylalanine ethyl ester were suspended 
in 35 cc. of dry chloroform. 1.1 gm. of PCU were added, followed 
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by shaking for 5 minutes at 0® and subsequent removal of the 
HCl by evacuation for 10 minutes. The solution was then added 
with cooling to an ethereal solution of ammonia. After the solu- 
tion had stood at room temperature for 1 hour, the precipitate 
was filtered off, washed thoroughly with cold water, and dried. 
Yield, 1.5 gm. M.p., 138®. 

C,4H290«N,. Calculated. C 63.3, H 6.4, N 9.2 

455.5 Found. ‘‘ 63.4, 6.4, 9.1 

Carhohenzoxy4-Glutaminyl--UPhenylalanine — 1.15 gm. of the 
above ester were dissolved in 60 cc. of alcohol and 2.5 cc. of N 
NaOH were added. The solution was acidified to Congo red 
after standing 1 hour at room temperature. The substance 
crystallized out upon concentration under reduced pressure. 
Yield, 0.9 gm. M.p., 180®. 

C22H2fcO«N8. Calculated. C 61.8, H 5.9, N 9.8 

427.4 Found. ** 61.9, 6.1, “ 9.7 

Carbobenzoxy4-Phenylalanyl4-GliUa7nic Acid 

Carbobenzoxy-UPhenylalanyUl-GhUamic Acid Diethyl Ester — 3.5 
gm. of carbobenzoxy-J-phenylalanyl chloride were added to a dry 
ether solution of glutamic acid diethyl ester (prepared from 6 
gm. of the hydrochloride). The mixture was allowed to stand 
at room temperature for 1 hour and washed with dilute hydro- 
chloric acid, water, and bicarbonate solution. The dried etherea[ 
solution was concentrated, yielding a crystalline product. Yield 
3.7 gm. M.p., 115®. 


C26H82O7N2. Calculated. C 64.4, H 6.7, N 5.8 

484.5 Found. 64.5, ‘‘ 6.7, “ 5.8 

Carbobenzoxy-l-PhenylalanyUUGliUainic Acid — 2.4 gm. of the 
above ester were shaken with a mixture of 10 cc. of n NaOH and 
10 cc. of alcohol. After 1 hour the solution was acidified to Congo 
red with n hydrochloric acid and concentrated under reduced 
pressure. The resulting crystals were filtered off and washed 
with cold water. Yield, 1.5 gm. M.p., 180®. 

C,aH,407N2. Calculated. C 61.7, H 5.6, N 6.5 

428.4 Found. 61.6, 6.7, ** 6 6 
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Carbobenzoxy-UGliUamyUUGlviamic Add — ^This compound was 
prepared as described in (8). 

Carbobensk)xy-UTyro8yl-JrTyro8ine — ^This compound was pre- 
pared as described in (8). 

UGlviamyl4-Tyro8ine — ^This compound was prepared as de- 
scribed in (8). 

Carbobenzoxy-lrGlviamylglydm — ^This compound was prepared 
as described in (9). 

Carbobenzoxyglycyl-l-Tyrosine — This compound was prepared 
as described in (7). 


Enzymatic Studies 

The crystalline pepsin was prepared according to the directions 
of Philpot (10). Unless otherwise stated, twice crystallized prepa- 
rations were employed. Solutions of the enzyme were made up 
in acetate buffer of pH 4.0. 

The concentration of the synthetic substrates was 0.05 mM 
per cc. in all cases. The solutions were buffered by 0.1 m acetate 
buffers. The temperature in all cases was 40®. The extent of 
hydrolysis was followed by the determination of the amino nitrogen 
liberated in the Van Slyke microvolumetric apparatus. Enzyme 
blanks and controls to test the lability of the substrates in the 
absence of pepsin were performed throughout these investigations. 
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The isolation of two proteinases in crystalline form from extracts 
of beef pancreas has been described by Kunitz and Northrop (1). 
These enzymes have been named trypsin and chymotrypsin. 
Previous publications (2) from this laboratory have reported the 
finding of a series of synthetic peptide derivatives which were 
readily hydrolyzed by crystalline chymotrypsin. In this com- 
munication a synthetic substrate for crystalline trypsin is de- 
scribed. 

a-Benzoyl-i-arginineamide hydrochloride (I) is hydrolyzed ex- 
tremely rapidly by crystalline trypsin (recrystallized three times) 
to yield benzoyl4-arginine and ammonia (c/. Table I). This hy- 
drolysis proceeds optimally at about pH 7.8 (Fig. 1). 

NHa-HCl 

I 

C=NH 

I 

NH 


CH, 

I 

CH, 


CH, 

! , 

C.H* • CO— NH • CH CO 4 -NH 2 
(I) 

Thus far, this compound is the only peptide-like derivative that 
has been found to act as a substrate for crystalline trypsin. Even 
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the closely related a-toluenesulfonyl-t-arginineamide hydrochloride 
is not hydrolyzed. Experiments with a series of acylamino acid 

Table I 


Action of Proieinaaes on BemoyUUArginineamide 


Eniyme 

pH 

Time 

Hydrol- 

yeia 

Isolation of products 



hrt. 

percent 


Trypsin, 0.25 mg. protein N per 

7.8 

1 

50 

Benzoyl-Z-arginine 

cc. 


2 

64 




3 

80 




20 

95 


Chymotrypsin, 0.7 mg. protein 

7.8 

2 

1 


N per cc. 


19.5 

3 




43 

4 


Papain-HCN* 

5.0 

2 

76 




6 

96 




24 

99 


Bromelin-HCN* 

5.0 

6 

45 




24 

77 



* The experiments with papain and bromelin were set up exactly as 
described in the experimental part of (3). 



Fig. 1. pH dependence of hydrolysis of benzoyl-^-arginineamide by 
crystalline trypsin. Enzyme concentration 0.4 mg. of trypsin N per cc. 

amides containing histidine, lysine, glutamic acid, tyrosine, and 
glycine gave negative results. Furthermore, trypsin is unable to 
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split the substrates of chymotrypsin (benzoyl-Z-t 3 rrosylglycine- 
amide) or heterotrypsin (a-hippuryllysineamide) (c/. Table II). 

The differences in chemical specificity exhibited by the three 
pancreatic enz 3 rmes trypsin, chymotr 3 npsin, and heterotrypsin 
permit of a determination of their respective activities in crude 
pancreatic extracts. Such a study is at present in progress in this 
laboratory. The availability of the synthetic substrates also 
facilitates the study of the relationship of the pancreatic protein- 
ases to enz 3 anes obtained from other biological sources and named 
^^trypsins” because of their optimal action on proteins in an al- 
kaline milieu. 


Tablb II 

Behavior of Synthetic Substrates in Presence of Trypsin* 


Subatrate 

Time 

Hydrolyiie 


hn. 

percent 

Tolueneaulfonyl-i-arginineamide 

24 

-1 

Benzoyl-i-histidineamide 

42 

3 

Benzoyl-Mysineamide 

42 

2 

Carbobenzoxy-I-isoglutamine 

48 

3 

Benzoyl-Z-tyrosineamide 

48 

0 

Hippurylamide 

48 

1 

Benzoyl-^-tyrosylglycineamide 

24 

0 

a-Hippuryl-Wysineamide 

24 

4 


* pH 7.8; 0.4 mg. of trypsin N per cc. 


The behavior of benzoylarginineamide when subjected to the 
action of other proteinases is of some interest (c/. Table I). The 
resistance of this comp)Ound to chymotrypsin emphasizes the dif- 
ference in chemical specificity of trypsin and chjrmotrypsin. 
Furthermore, the rapid hydrolysis of this substrate by the intra- 
cellular enzymes papain and bromelin is noteworthy. The use of 
benzoylarginineamide for the study of the activation of papain 
has been described elsewhere (4). 

The closer study of the specificity of crystalline trypsin, with 
suitably substituted peptides of arginine and other amino acids, 
is contemplated. 
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BXFEBIMSiNTAIi 

a-Benzoylr-UArginineamide Hydrochloride^ 

BemoyUUArginine — To a solution of 2L2 gm. of arginine mono- 
hydrochloride in 120 cc. of H 2 O there were added in several por- 
tions 12.8 cc. of benzoyl chloride and a solution of 17.2 gm. of 
sodium carbonate in 170 cc. of water. The reaction mixture was 
stirred vigorously and the temperature kept at about 20®. The 
addition of the reagents required 2i hours, and after another 1^ 
hours of stirring the reaction mixture was acidified to Congo red 
and the slight precipitate (dibenzoylarginine) filtered off. The 
filtrate was extracted with ether and neutralized to about pH 8 
with ammonia. Upon concentration under diminished pressure, 
crystallization occurred. Yield, 20 gm. The material was re- 
crystallized from hot water. 

Ci8Hi 80,N4. Calculated. C 66.0, H 6.5, N 20.2 
278.3 Found. ** 55.8, “ 6.4, ** 19.9 

Benzoyl-UArginineamide Hydrochloride — 7.6 gm. of the above 
compound were esterified in the usual manner (with cooling) in 
350 cc. of absolute methanol. After the reaction mixture had stood 
in the ice box overnight, the solution was concentrated at 30®. 
The residue was dissolved in a small volume of methanol and the 
syrupy ester precipitated by means of dry ether. This material 
was reesterified and the resulting syrup was dissolved in 70 cc. of 
methanol previously saturated with dry ammonia at 0®. After 
it had stood 2 days at room temperature, the solution was con- 
centrated and the resulting sjrrup taken up in hot water. The 
material which crystallized on cooling sintered at 120-123®, lost 
water of crystallization at 135-140®, and decomposed above 260®. 
Yield, 3.7 gm. 

CiiHjoOaNsCl HjO. Calculated. C 47.1, H 6.6, N 21.1 
331.8 Found. ** 47.0, 6.6, 21.0 

The enzymatic hydrolysate by trypsin of 498 mg. of this com- 
pound was filtered, concentrated to a small volume, and placed 

^ This compound has already been synthesized by Dirr and Sp&th (5). 
In view of its value as a substrate for trypsin, a fuller description of the 
synthesis is presented. 
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in the ice box. The resulting crystals were collected, washed with 
cold water, dried (288 mg.), and recrystallized from hot water. 

Bei^oyl-Z-arginine 

CiiHisOgNi. Calculated. C 66.0, H 6.6, N 20.2 
278.3 Found. “ 65.9, 6.6, ‘‘ 19.8 

During the enzymatic hydrolysis the liberation of ammonia was 
also observed. 


a~Toluene8ulfonyl4-Arginineamide 

a-ToluemsulfonylA-Arginine — This compound has already been 
described as an oil by McChesney and Swann (6). It was ob- 
tained in crystalline form by the following procedure. 

21 gm. of arginine monohydrochloride were dissolved in 115 
cc. of 2 N NaOH and stirred with a solution of p-toluenesulfochlo- 
ride in 400 cc. of ether. After about 25 minutes the formation of 
crystals began. 3 hours later the mixture was acidified by addi- 
tion of acetic acid, and the crystals of toluenesulfonylarginine 
were filtered after several hours. Yield, 36 gm. On recrystal- 
lization from hot water, the substance melted at 256-257® (decom- 
position). 

CiiHjoOiNiS-aHgO. Calculated. C 40.8, H 6.8, N 14.7, H*0 14.1 
382.3 Found. 40.7, “ 6.7, “ 14.6, “ 14.1 

a-Tolv^mmlfonyUUArginimamide Hydrochloride — 7 gm. of dry 
toluenesulfonylarginine were treated at 0® with 500 cc. of absolute 
methanol saturated with dry HCl. After 18 hours the methanol 
was evaporated off and the resulting syrup crystallized by means of 
ether. This material was treated with 60 cc. of absolute methanol 
previously saturated with dry ammonia at 0®. After 48 hours, 
the evaporated solution yielded crystals which were transferred 
to the filter by means of ether. Yield, 6.2 gm. 

Ci,Hj,0,N*SCl H,0. Calculated. C 40.9, H 6.3, N 18.3, HjO 4.7 
381.8 Found. ** 41.0, ** 6.2, 18.4, ** 4.8 

BenzoylrUHistidineamide — 1 gm. of monobenzoylhistidine 
methyl ester (7) was dissolved in 10 cc. of methanol previously 
saturated with dry ammonia. The amide crystallized on standing 
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at room temperature for 18 hours. After recrystallization from 
methanol the substance melted at 234®. 

CiiHi 40 ,N 4 . Calculated. C 60.4, H 6.3, N 21.6 
268.2 Found. 60.4, ** 6.4, 21.6 

Bemoyl-ULysineamide — This substance was prepared as de- 
scribed in (8). 

ct-HippuryUULysineamide — This substance was prepared as 
described in (8). 

Carbohenzoxy-UIsoglutamine — This substance was prepared as 
described in (9). 

BemoyUUTyrosineamide — ^This substance was prepared as de- 
scribed in (2). 

BemoyUl-Tyrosylglycineamide — This substance was prepared 
as described in (2). 

Enzymatic Studies 

Trypsin, recrystallized three times, and chymotrypsin (prepared 
as described in (1)) were employed. The concentration of the 
synthetic substrates was 0.05 mM per cc. in all cases. The solu- 
tions were buffered at pH 7.8 by means of m/15 phosphate buffers 
and at pH 5 by means of 0.04 m citrate buffers. The temperature 
was 40® in all experiments. The extent of hydrolysis was fol- 
lowed by microtitration of the liberated carboxyl groups according 
to the method of Grassmann and Heyde (10). Enzyme blanks 
and controls to test the lability of the substrates in the absence of 
the enzyme were performed. 
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By EDITH L. ANDERSON and GUY FREDERIC MARRIAN 

{From the Department of Biochemistry^ University of Toronto, 
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(Received for publication, December 9, 1938) 

Equol, an optically active dihydroxyphenol of the formula 
CnH^Oa, was first isolated from the urine of pregnant mares by 
Marrian and Haslewood (1). Later Marrian and Beall (2) found 
that it could also be isolated from the urines of non-pregnant 
mares and of stallions, and they showed that on fusion with 
potassium hydroxide it yielded resorcinol, /3-resorcylic acid, p- 
ethylphenol, p-hydroxybenzoic acid, and a phenol (B), not iden- 
tical with equol itself, which had the approximate composition 
CijHm-icOs and which they believed was a trihydroxy compound. 
On the basis of the formation of these decomposition products it 
was suggested that equol must be 7-hydroxy-2-(4'-hydroxyphenyl) 
chroman (I), 7-hydroxy-3-(4'-hydroxyphenyl) chroman (II), 
or 6-hydroxy-2-(4'-hydroxybenzyi) coumaran (III). 

More recently the constitution of equol has been investigated 
more fully by Wessely et al. (3). These workers have satisfac- 
torily shown that the phenol (B) isolated by Marrian and Beall 
from the products of the fusion of equol with potassium hydroxide 
is a dihydroxy compound and not a trihydroxy one, and that it is 
not a primary product of decomposition but is an artifact produced 
by ring closure during distillation from the primary product (IV), 
the structure of which was proved by synthesis. Wessely et al., 
therefore, believe that the phenol (B) is 6-hydroxy-2-(4'-hydroxy- 
phenyl)-2-methyl coumaran (V) on the assumption that ring 
closure of (IV) during distillation occurs normally. The identifi- 
cation of the decomposition product (IV) enabled Wessely etal, 
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to narrow down the number of possible structures for equol to 
two, 7-hydroxy-3-(4'-hydroxyphenyl) chroman (II) and 6-hy- 
droxy-2-(4'-hydroxyphenyl)-2-methyl coumaran (V), and they 
pointed out that if the latter formula were correct then phenol 
(B) would be the racemic form of equol itself. 

Before the paper by Wessely et ah was published, a further 
investigation of the decomposition products of equol was in prog- 
ress in this laboratory, and attempts were being made to syn- 
thesize compounds of the three structures suggested as possibilities 
by Marrian and Beall. It was found that equol methyl ether, 
[a]546i = —19.5®, on oxidation with cold chromic anhydride 
yielded a compound C17H16O4, which melted at 120.5-121.5® 
and had [«]?«! = —88.7®. It seemed probable that this com- 
pound had been formed by the oxidation of a methylene group to 
a ketone group. On reduction of this compound by the Clem- 
mensen method, a product melting at 112.5-114® was obtained, 
which on analysis corresponds with the formula CnHisOs; it was 
optically inactive. Since the melting point of equol methyl 
ether (89.5-90.5®) was not depressed by admixture with this prod- 
uct, it was considered probable that it might be the racemic 
form of the former. In order to prove that racemization could 
occur under the conditions of the Clemmensen reduction, the 
ketone C17H16O4 was heated with an acetic acid-hydrochloric acid 
mixture. The product, which melted at 126-126.5®, gave on 
analysis C17H16O4 and was optically inactive. The same racemic 
product was also obtained by heating the optically active ketone 
in 70 per cent ethanol in the presence of sodium carbonate. 

Before it was known by the present authors that equol could not 
be identical with 7-hydroxy-2-(4'-hydroxyphenyl) chroman (I), 
the dimethyl ether of this compound had been prepared syn- 
thetically by reduction of 7,4'-dimethoxyflavylium chloride with 
sodium amalgam. Since the product was found to depress the 
melting point of equol methyl ether, attempts to synthesize the 
dimethyl ether of 7-hydroxy-3-(4'-hydroxyphenyl) chroman (II) 
were commenced. 

2-Hydroxy-4-methoxyphenyl-p-methoxybenzyl ketone (VI) was 
prepared by condensing p-methoxyphenylacetonitrile with re- 
sorcinol monomethyl ether according to the method of Baker and 
Robinson (4). By the interaction of (VI) with ethyl formate in 
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the presence of sodium, according to the method of Mahal, Rai, 
and Venkataraman (6), 7,4'-dimethoxyi8oflavone (VII) was ob- 
tained. Attempts to reduce this isoflavone to the 2,3-dihydro 


ho; 

(7) 

( 6 >! 


I Uo 




CEi 

(I) 


II 


< 1 ) 

(7) 0 (»0 

HO^V^ ^CH—CH,— ^OH Eof\)E CH, 

(# ) 

( 6 ) 


(9y> (io 


(40 


I II 

V 


CH, 

<8) 


III 


CH«C-1 ^^H 


IV 


CH, 


ho; 


ch,o^vh 




-CH, 




-C— CH,- 




\ 


OCH 


0 


VI 


0. 


CE,o/\^ ^ 


CH 




\/\,/ V / 


CH, </ V ' ^CH, 


\ / 

II 

0 


^CH 


VII VIII 

derivative by means of sodium amalgam were entirely unsuccess- 
ful. Catalytic reduction was therefore resorted to. The iso- 
flavone was completely resistant to hydrogenation in neutral 
ethanolic solution with platinum oxide. When, however, glacial 
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acetic acid was used as the solvent, hydrogenation proceeded 
rapidly; and by stopping the process after the uptake of just over 
1 mole of hydrogen, good yields of a compound melting at 126.5- 
126° which on analysis gave C 17 H 16 O 4 were obtained. It was evi- 
dent that the product was the desired 7, 4'-dimethoxy-2,3-dihy- 
droisoflavone (VIII), since it proved to be stable to oxidation with 
chromic anhydride and could readily be reduced to a compound 
of the formula CnHisOs by the Clemmensen method. The syn- 
thetic 7,4'-dimethoxy-2,3-dihydroisofiavone proved to be iden- 
tical with the racemized oxidation product of equol methyl ether. 
Thus it was shown that equol must be 7-hydroxy-3-(4'-hydroxy- 
phenyl) chroman (II). Confirmation of this conclusion was ob- 
tained when it was found that the Clemmensen reduction product 
of the synthetic dihydroisoflavone was identical with the Clem- 
mensen reduction product of the oxidation product of equol methyl 
ether. By oxidation of the Clemmensen reduction product of 
the synthetic dihydroisoflavone with chromic anhydride, the com- 
pound (VIII) was regenerated. Thus it was clear that the reduc- 
tion had followed a normal course and that therefore the former 
compound was indeed identical with racemic equol methyl ether 
itself. 


EXPERIMENTAL 

Oxidation of Equol Methyl Ether with Chromic Anhydride — 
To 620 mg. of equol methyl ether (m.p. 89.5-90.5°; = 

— 19.5°) dissolved in 20 cc, of 90 per cent acetic acid were added 
620 mg. of chromic anhydride dissolved in 20 cc. of 90 per cent 
acetic acid. The mixture was allowed to stand at room tempera- 
ture for 16 hours. The heavy white precipitate which separated 
after dilution of the oxidation mixture was filtered off and washed 
thoroughly with water. After being boiled with charcoal in 
ethanolic solution and crystallized twice from methanol, a white 
crystalline product, m.p. 120.5-121.5° (sintering at 119°), was 
obtained in a yield of 205 mg. 

C, 7 Hi, 04 . Calculated. C 71.80, H 5.68 

Found. ** 71.78, 71.88, “ 5.67, 5.64 

["Imbi” —88.7® (3.4% in chloroform) 
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Reduction of Oxidation Product by Clemmensen^s Method— 
200 mg. of the oxidation product of equol methyl ether were dis- 
solved in a mixture of 10 cc. of glacial acetic acid and 7.5 cc. of 
concentrated hydrochloric acid. 2 gm. of freshly prepared zinc 
amalgam were added and the mixture was then heated on a boil- 
ing water bath under a reflux condenser. After 3 hours, addi- 
tional quantities of 2 gm. of zinc amalgam and 5 cc. each of acetic 
acid and hydrochloric acid were added, and the heating continued 
for a further 3 hours. When the reaction mixture was diluted 
heavily with water, a white flocculent precipitate separated out. 
This was filtered off and, after washing, was dissolved in ether. 
The ethereal solution was then washed repeatedly with water and 
evaporated to dryness. The residue, after treatment with char- 
coal in methanolic solution, was crystallized twice from that sol- 
vent. White crystals, m.p. 112.5-114® (sintering at 110®), were 
obtained in a yield of 59 mg. After admixture with equol methyl 
ether, the melting point was 90-111®. 

CitHuO,. Calculated. C 75.55, H 6.66 

Found. 75.58, 75.32, 6.76, 6.65 

[ttliui * 0° (3.14 and 1.92% in chloroform) 

Racemization of Oxidation Product, (a) With Acid — 66 mg. of 
the oxidation product were heated at 100® for 6 hours with 10 cc. 
of a mixture of equal parts of glacial acetic and hydrochloric acids. 
The solution was diluted with 5 volumes of water and the precipi- 
tate that formed was filtered off, washed thoroughly with water, 
and crystallized once from aqueous ethanol and once from abso- 
lute methanol. 30 mg, of white crystals, melting at 126-126.5® 
(sintering at 125®), were obtained. After admixture with the 
untreated oxidation product, the melting point of the latter was 
not depressed. 


CnHieOi. Calculated. C 71.80, H 5.68 

Found. ‘‘ 71.96, 71.71, “ 5.72, 5.71 

Wltei® 9® (1.80% in chloroform) 


(6) With Alkali — 75 mg. of the oxidation product were dissolved 
in 40 cc. of 70 per cent ethanol to which were added 100 mg. of 
sodium carbonate. After the mixture was boiled under a reflux 



654 Synthetic Racemic Equol Methyl Ether 


condenser for 30 minutes, the ethanol was evaporated under re- 
duced pressure and the residue was thoroughly leached with 
water. The insoluble material, after being crystallized once from 
aqueous ethanol, yielded 62 mg. of white crystals melting at 126.6- 
127.5® (sintering at 126®). 

C17H11O4. Calculated. C 71.80, H 6.68 

Found. “ 71.88, 71.86, " 5.68, 5.66 
0® (2.06% in chloroform) 

2-Hydroxy-4'‘Methoxyphenyl~p~Methoxybemyl Ketone — 6.8 cc. 
of p-methoxyphenylacetonitrile and 6.8 cc. of resorcinol mono- 
methyl ether were dissolved in 30 cc. of anhydrous ether. To the 
solution were added 1.5 gm. of freshly fused and powdered zinc 
chloride, and a stream of dry hydrogen chloride was then passed 
into the mixture for 2 hours. 

After standing at 0° in a stoppered vessel for 48 hours, the keti- 
mines were precipitated as a light brown gummy mass by the addi- 
tion of 130 cc. of dry ether. This was separated and hydrolyzed 
by boiling for IJ hours with 200 cc. of n hydrochloric acid. The 
ketones were separated from the hydrolysis mixture by extraction 
with ether. In order to remove the unwanted 2-methoxy-4- 
hydroxyphenyl-p-methoxybenzyl ketone which was formed in the 
reaction, the ethereal extract was washed with 1 per cent sodium 
hydroxide before being washed with water and evaporated to dry- 
ness. Crystallization of the residue yielded 1.95 gm. of a white 
product. For analysis, a small sample of this was further puri- 
fied by crystallization twice from absolute methanol. The prod- 
uct melted at 102.5-104®. 

CiiHuOi. Calculated. C 70.62, H 6.93 

Found. 70.25, 70.04, “ 5.96, 5.96 

7 ,4' -Dirnethoxyisoflavone — A solution of 1.2 gm. of 2-hydroxy- 
4-methoxyphenyl-p-methoxybenzyl ketone in 37.5 cc. of an- 
hydrous ethyl formate was added to 1.2 gm. of sodium dust cooled 
in a freezing mixture over a period of 50 minutes with continuous 
stirring. After standing for 48 hours in a freezing mixture, ice 
was added and the mixture was extracted with ether. Evapora- 
tion of the ethereal solution yielded a brown oil which was dis- 
solved in a small volume of ethanol. After standing for several 
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days the solution deposited crystals in a yield of 0.93 gm., which, 
after two recrystallizations from acetone, melted at 158-159®. 

C17H14O4. Calculated. C 72.31, H 6.00 

Found. ‘‘ 72.38, 72.41, “ 6.00, 6.02 

7 f4'-Diimthx)xy-2 jS-Dihydroiaoflavone — A solution of 1.0 gm. 
of 7,4'-dimethoxyisoflavone in 200 cc. of glacial acetic acid, to 
which were added 40 mg. of platinum oxide, was shaken in an 
atmosphere of hydrogen. After 12 minutes, when 100 cc. of hy- 
drogen had been absorbed (1.25 moles), the shaking was discon- 
tinued and the platinum removed from the solution by filtration. 
Dilution of the filtrate with 1000 cc. of water yielded a white 
crystalline precipitate which was filtered off and washed with 
water. After crystallization once from 95 per cent ethanol and 
once from 50 per cent acetone, a product melting at 122-123.5® 
was obtained in a yield of 0.7 gm. After two further crystalliza- 
tions from absolute methanol, white prisms melting at 125.5- 
126® were obtained. 

C, 7 H,. 04 . Calculated. C 71.80, H 6.68 

Found. 71.76, 71.94, 6.70, 6.60 

After treatment with chromic anhydride in the manner described 
for the oxidation of equol methyl ether, the original product was 
obtained unchanged. The mixed melting points, after admixture 
of the synthetic product with (a) the optically active oxidation 
product of equol methyl ether, (6) the acid-racemized oxidation 
product, and (c) the alkali-racemized oxidation product, were 
119-125®, 125.5-126®, and 126-127® respectively. 

7 -Mcthoxy-3-(jl^-M ethoxy phenyl) Chroman — 200 mg. of the syn- 
thetic 7,4'-dimethoxy-2,3-dihydroisoflavone were reduced by the 
Clemmensen method, as described previously. After three 
cryst-allizations from methanol, 42 mg. of white crystals, m.p. 
112.5-114® (sintering at 111®), were obtained. 

CnHisOs. Calculated. C 76.65, H 6.66 

Found. “ 76.44, 75.67, ‘‘ 6.77, 6.70 

After admixture of the product with the compound obtained by 
Clemmensen reduction of the oxidation product of equol methyl 
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ether, the melting point was unchanged. The mixed melting 
point with equol methyl ether was 89.5-108°. 

Oxidation of 7’-Methoxy-3~U'-Methoxyphenyl) Chroman with 
Chromic Anhydride — 25 mg. of synthetic 7-methoxy-3-(4'- 
methoxyphenyl) chroman were oxidized with chromic anhydride 
in 90 per cent acetic acid in the manner described for the oxida- 
tion of equol methyl ether. The melting point of the product 
was 126-127.5° (sintering at 125°) and was not depressed by ad- 
mixture with 7,4'-dimethoxy-2,3-dihydroisoflavone. 

CitHi, 04 . Calculated, C 71.80, H 6.68; found, C 72.11, H 5.69 

The authors wish to express their gratitude to Miss Dorothy 
Skill who carried out the microanalyses reported in this paper. 
They are also grateful to Dr. R. D. H. Heard of the Connaught 
Laboratories who generously supplied them with crude equol. 
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Although the determination of the inorganic composition of 
tissues dates back to the early nineteenth century, there has been 
renewed interest in this subject in recent years arising out of the 
desire to relate the morphologically separate phases of tissues to 
their chemical composition. The questions at issue are: (1) Can 
tissues be viewed as consisting of separate phases which are both 
morphologically and chemically distinct? (2) What are the 
relative proportions of these phases in tissues? (3) What are the 
compositions of the different phases? The present communica- 
tion is an attempt to contribute evidence which will be of help 
in answering these questions. 

Tissues can be analyzed as a whole, but, unfortunately, with 
the exception of blood, they cannot be separated for direct analysis 
into their individual phases. By inferences drawn from chemical 
analyses (Fenn (7) ; Eggleton et aL (6) ; Hastings and Eichelberger 
(12)) and by the direct application of histochemical methods 
(Gersh (9)), the following conclusions have been reached 
regarding living skeletal muscle. Muscle cells (i.c., the intra- 
cellular phase of the tissue) contain a high concentration of 
potassium and phosphate, little if any sodium, and no chloride. 
The remainder, called the extracellular phase, on the other hand, 
approximates a serum ultrafiltrate in composition and contains 
all of the chloride and most of the sodium. Recent work by 
Manery, Danielson, and Hastings (19) indicates that the extra- 

* National Research Council Fellow in the Biological Sciences, at the 
Harvard Medical School, 1936-37. 


657 



658 


Electrolytes in Mammalian Tissues 


cellular phase of muscle may more accurately be described as con- 
sisting of extracellular fluid and the connective tissue proteins. 
The observations of Harrison, Darrow, and Yannet (11) suggested 
that all living tissues may be divided into intra- and extracellular 
phases in the same manner as skeletal muscle. This hypothesis 
has been thoroughly discussed by Peters (20). By repeated 
perfusion of cats with a solution in which sulfate was substituted 
for chloride, Amberson et al. (1) demonstrated that, as the plasma 
chloride was reduced, the chloride of all tissues was reduced. In 
the case of muscle and many other tissues, the reduction in tissue 
chloride paralleled the reduction in plasma chloride. However, 
nervous tissues, stomach, and tendon were exceptions. 

From the analyses to be presented in the present paper, we have 
been led to the conclusions (1) that the electrolytes are essentially 
identical in the extracellular fluid of all tissues, (2) that the mass of 
the extracellular phase, containing the extracellular fluid, varies 
from one type of tissue to another, and (3) that tissues have 
varying proportions of at least two types of cells: those which 
contain no sodium or chloride, and those which contain sodium 
and chloride. 

Such a simplified and fragmentary description of the morpho- 
logically complex and functionally diverse tissues studied can 
obviously serve only as a first approximation. Its justification 
rests on the degree to which it provides a fruitful means of ap- 
proach to further work. 


CalcvMion 

If all of the tissue chloride found by analysis were confined to 
the extracellular phase, as defined above for muscle, and if this 
phase were identical with an ultrafiltrate of serum, then, the 
chloride content of the tissue and of serum being known, the mass 
of the extracellular phase could be calculated. (In such a cal- 
culation the mass occupied by the connective tissue proteins is 
neglected.) If the water content of this phase is subtracted from 
the total tissue water, the quantity of intracellular water may be 
estimated. In the calculation which follows a Gibbs-Donnan 
equilibrium ratio between mammalian serum and its ultrafiltrate 
of 0.95 for diffusible univalent ions is used (Hastings et al, (13)). 
In these calculations, the water content of the extracellular phase 
has been assumed to be 99 per cent. The implications in this 
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assumption will be discussed subsequently. The following cal- 
culations have been applied to analsrtical data after corrections 
have been made for blood and fat contained in the tissue analyzed. 
All the original data are presented in Tables I, II, and III. 


Tabus 1 

K, Clt and H%0 of Tiasues 



TiMu« 

H«0 per kilo 
wet weight 

Cl per kilo 
tinue HsO 

K* per kilo 
tiMue HsO 



gm. 



Rat (6) 

Gastrocnemius 

761 

21.2 

148.2 


Heart 

780 

31.3 

107.8 


Brain 

782 

39.7 

131.1 


Liver j 

721 

41.7 

127.0 


Spleen 

766 

45.1 

148.0 


Testes 

867 i 

72.3 

106.1 


Kidney 

762 

62.5 

93.4 


Lung 

797 

71.0 

107.2 


Serum 

919 

115.0 

5.0 

Human 

Uterus (1) 

805 

59.7 

74.3 

Rabbit 

Gastrocnemius (1) 

753 

19.4 

152.8 


Ovaries (3) 

724 

48.9 

81.3 


Fundic mucosa (1) 

791 

96.3 

87.0 


Skin (1) 

675 

111.0 

29.8 


Ear cartilage (1) 

593 

118.4 

33.6 


Tendon (1) 

596 

123.5 

16.5 


The figures in parentheses represent the number of animals. The 
maximum deviation from the average in the ratio C1:K for a single tissue 
of the five rats was 6 per cent. 

* We are indebted to Miss Doris M. Cobb for the potassium analyses on 
rat tissues. 


The method of calculation follows: 

[CDs 


ICll, « 


0.95 


X 1000 * (H|0) jp gm. per kilo tissue 


(CDt 
ICDm 

(HiO)r — (HsO)f “ (HaO)c gm. per kilo tissue 
(HjO), — 0.99 - (E) gm. per kilo tissue 
1000 — (E) " (C) gm. per kilo tissue 
1000 


(O 


X (HtO}o (HtO)c gm. per kilo cells 
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1 

Per kilo blood and fat^ree tissae 

ao 


r» 

£il§Sgi§Eg SiggEII 

« 

ii 

Chloride 

00 

m.eq. 

66.8 

88.4 

63.0 

28.7 

41.3 

69.8 

53.0 
43.7 

33.3 
88.6 
19.2 

19.1 

19.2 


m.eq. 

60.8 

66.6 

63.7 

24.2 

56.5 

34.3 

51.3 
64.2 

49.6 

30.8 

72.6 

15.4 

17.5 

14.6 
58.1 

74.7 

«o 

m.eq. 

64.8 

67.5 
66.0 

31.5 
53.4 

36.6 

61.6 
62.1 

36.3 

33.3 

22.3 

18.4 

11.5 
45.1 

Fat 

kilo freeh tiseue 

00 

gm. 

86.9 

420.0 

6.3 

6.7 

8.6 

41.8 

38.7 

75.0 

863.0 

20.2 

7.5 

0 


gm. 

41.9 

204.0 

9.8 

7.6 

8.8 

8.4 

24.1 

26.5 

49.6 

67.3 

825.0 

5.4 
22.0 

18.1 

5.7 


gm. 

14.6 

57.3 
11.1 

18.7 
16.9 
12.6 
21.5 
42.0 

47.3 

69.7 

5.6 

13.7 

9.6 

22.4 
0 

Bk>od 

oo 

ce. 

0 

26.1 

47.1 

163.0 

153.0 
11.7 

89.5 

10.6 

0 

0 

- 

ce. 

0 

0 

1.0 

19.0 

62.0 

152.0 

190.0 
5.5 

4.1 

4.1 
4.0 

117.0 
4.4 
3.8 
0 

0 

«o 

00 I 

ce. 

0 

0 

0.6 

34.0 

54.0 

171.0 

185.0 
6.2 

4.8 

6.2 

96.0 
4.5 
5.7 
0 

0 

Water 

gm. 

604 

497 

871 

706 

773 

779 
853 
719 
649 
752 

780 
95 

783 

758 

764 

919 

1 

gm. 

618 

636 

870 

713 

767 
771 
791 
743 
695 

795 

120 

768 
757 
765 
560 
492 
782 

<0 

gm. 

634 

723 

873 

702 

764 

775 

793 

748 

791 

786 

789 

762 

758 

643 

Chloride 

oo 1 

m.eq. 

61.0 

51.3 

62.9 

31.0 

45.2 

67.1 

50.6 

42.3 

33.4 

12.1 

25.2 

19.4 

19.3 

88.7 
110.4 

t- 

m.eq. 

58.3 

53.1 

63.1 

25.3 

58.1 

39.2 

57.2 
62.0 

47.4 

31.0 
12.8 

24.4 

17.4 

14.7 

58.1 

74.2 

93.8 
116.4 

<o 

m.eq. 

63.8 

63.6 

65.1 

32.9 

54.4 

41.6 

65.1 

59.8 

34.8 

33.5 

28.5 
18.3 

11.8 

44.1 


Rat No. 

Skin 

Subcutaneous tissue 

Testes 

Liver 

Kidney 

Spleen* 

Lung 

Stomach 

Small intestine 

Large “ 

Brainf 

Perirenal fat 

Heart 

Abdominal muscle 

Gastrocnemius muscle 

Muscle fascia 

Tendon 

Whole blood 

Serum 


* Blood of spleen assumed to contain 75 per cent red cells, 
t Neutral fat content assumed to be 0.5 per cent instead of figiires quoted. 
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where S, E, C, and T represent serum, extracellular phase, cells, 
and whole tissue respectively; brackets represent milliequivalents 
per kilo of water; and parentheses represent milliequivalents 
or gm. per kilo of tissue (minus its contained blood and fat). 

Corresponding calculations of (E), (C), and (HtO )(7 may be 
carried out, on the assumption that the sodium is entirely extra- 
cellular, by starting with the equation, [Na]jr =* 0.96 X [Na]fl. It 
should be noted that the calculations given above yield minimum 
values of (E) and (HiO)c. Manery et al. (19) have previously dis- 
cussed the reasons for believing that the extracellular phase of 
muscle is a form of connective tissue, diluted with ultrafiltrate of 
serum. To the extent that the extracellular phase contains 
connective tissue proteins, the estimated values of {E) and 
(H20 )c are too low. Since data are not available which permit 
us to make this correction for the connective tissue proteins in the 
tissues studied, our results will be presented in terms of (E) and 
(HjO)c as defined above. The subsequent discussion will center 
about the calculated values of (J?), (C), and (H20 )c. 

Methods 

Nineteen different tissues of eight adult albino rats and thirty- 
one tissues of two adult rabbits were analyzed. The animals were 
prepared by decapitation and bleeding, thus obviating alterations 
in permeability due to an anesthetic. The blood obtained was 
heparinized and, in most cases, both plasma and whole blood 
analyzed for sodium, chloride, potassium, and water. The tissues 
were analyzed for blood, fat, water, chloride, sodium, and, in some 
instances, potassium. Since a general accoimt of the treatment 
of the tissues and the methods used has already been described 
(Manery et al. (19)), only certain additional details will be included 
here. The average difference between duplicate chloride analyses 
was 2.4 per cent (p.e. 2.2 per cent), sodium 3.1 per cent (p.b. 
2.3 per cent), potassium 2 per cent (p.e. 1.4 per cent), water 
1.2 per cent (p.e. 1.2 per cent). 

Sodium — The method of Butler and Tuthill (6) was used for the 
determination of sodium. Although the quantity of tissue used 
for analysis usually contained approximately 0.1 milliequivalent 
of sodium, it was sometimes necessary to cany out the determina- 
tion on smaller quantities. A series of observations on known 
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Water 

Per kilo blood and faMree tiasnet 

04 

t<D ftoo^oS ooa5SDP>«t>>So 


«cot«coo6aDoo ooot^ao aooo F«oo 

1 

e<l 

m.eq. 

81.8 

72.9 
62.6 
75.3 

47.7 

159.7 

41.1 

32.1 

32.7 

29.1 

36.0 

54.2 
58.5 

78.0 

61.9 

- 

m.eq. 

78.1 

67.2 

60.8 

72.7 

150.1 

29.8 
33.1 

49.8 

40.9 

62,8 

51,8 

Chloride 

<N 

m.eq. 

74.6 

73.8 

55.4 
62.0 
59.2 

70.4 

39.1 

29.5 

47.7 

66.4 

77.2 

46.8 

24.7 

45.8 

40.4 

- 

m.eq. 

71.0 

56.8 

76.8 

57.7 

64.4 

53.1 

56.8 

41.1 

23.2 

57.5 

43.1 
24.7 

50.5 
42,4 

39.2 

# 

Per kilo fresh tissue 1 

i 

CM 

gm. 

0 

4.5 
22.1 
16.6 
10.1 

6.6 
4.4 
2.0 

12.2 

4.3 
13.7 

7.4 
24.4 
44.3 

- 

gm. 

9.9 

62.9 

0 

16.1 

6.0 

11.0 

11.3 

4.4 
2.6 

27.5 

6.5 
2.8 

215.0 

« 

•d 

8 

CM 

lOkOO t^woo cn 

HO ocNcoio 0 05110 odc^b»’cocc ood 

rl (N rH 

OI>CO OOCOOS Ot>» 

jjooog^*^* cd^go 

CO 

Water 

CM 

urn. 

670 

596 

790 

773 

844 

592 

785 

713 

800 

849 

795 

787 

795 

748 

587* 

668* 

CM 

* # # 

>Or-^ c^c5i 

£00Or-H,-H0>*5C5i005^Q (NtN- o»-» 

'*ocoooot^oob»«ot^t-o6 00 00 r^oo 

Sodium 

m.eq. 

81.8 

72.6* 

71.5* 

75.4 

47.5 

157.6 

32.4* 

33.9 

32.9 
29.1* 
36.7* 

53.0 

56.1 
77.7* 
62.0* 


m.eq. 

77.4 

63.0* 

72.3* 

72.8 

50.7 
148.3* 

33.3 

32.6 

50.0 

40.8 

62.5* 

52.1* 

Chloride 

40?O»Ot>- COr^r-H ■TfrHCOlCCOOS 

cococdod <z> ^ T-t t-cpcdcd^co o 

i 

m.eq. 

70.4 

53.2 

76.8 

67.3 

64.6 

52.9 

38.2 

56.3 

43.4 

27.4 
56.1 

43.4 

24.6 

50.2* 

42.3* 

39.7* 


Rabbit No 

Skin 

Subcutaneous tissue 

Tendon 

Lung 

Kidney 

Testes 

Ovaries t 

Ear cartilage 

Spleen 

Liver 

Stomach 

“ muscle 

Pyloric mucosa 

Fundic 

Small intestine 

Cecum 

Colon 

Sciatic nerve 

Spinal cord 

Brain, gray 
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solutions demonstrated that as little as 0.04 milliequivalent of 
sodium can be determined within the experimental error of 3 per 
cent. It was found that the use of mechanical stirring for 8 
minutes during the formation of the precipitate was essential to 
achieve this accuracy with small amounts of sodium. 

The presence of potassium leads to high results for sodium when 
the ratio K:Na is greater than 2. A series of determinations was 
carried out in which the sodium present was 0.1 milliequivalent 
and the K:Na ratio was varied from 0 to 10. From these data, 
an empirical correction was applied to our sodiiun determinations 
of tissues in which the K:Na ratio exceeded 2. Specifically, 
this amounted to the subtraction of 3 per cent from the apparent 
sodium values of liver and spleen, and of 5 per cent from those of 
skeletal muscle. 

Chlorides — Chloride determinations were carried out in 50 cc. 
short, conical, Pyrex centrifuge tubes. Almost complete de- 
colorization with chloride-free potassium permanganate before 
titration and centrifuging just prior to the end-point (Fiske and 
Sokhey (8)) were adopted. The use of excessive amounts of 
oxalic acid to decolorize permanganate must be avoided, since it 
completely masks the titration end-point. An optimum con- 
centration of nitric acid (3 cc. of concentrated HNOg per 10 cc.) 
is also essential for a stable end-point. 

Blood and Fat — In order to make comparisons between tissues 
of such diversity as those studied here, it was necessary to express 
the constituents in terms of blood-free, fat-free tissue. There are, 
however, certain errors in the application of the blood and fat 
corrections which deserve special mention. The determination 
of blood depends on the comparison of the amount of hemo- 
globin in the tissue with that in the whole blood of the same 
animal. This implies that the concentration of red cells in the 
tissue capillaries is the same as that in the circulating blood. 
Barcroft and Poole (2) reported that the blood of the splenic 
pulp was 50 per cent richer in red cells than the blood from large 
vessels. This degree of enrichment of the splenic blood has been 
assumed in our experiments in correcting for the blood content 
of the spleen. 

The method of extracting neutral fat with ether, as described 
by Hastings and Eichelberger (12), leads to high results for nervous 
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tissues. We have, therefore, applied to brain and nerve the 
value 0.6 per cent found by Bloor (3) for the neutral fat of brain. 
Our values for neutral fat in liver, lung, kidney, heart, and skeletal 
muscle are in essential agreement with those of Bloor et at. (3, 4). 
Since the calculations are not affected by fat corrections of less 
than about 5 per cent, the corrections are negligible in most 
tissues. However, they have been applied routinely for the 
sake of consistency. 


Results 

Chloride versus Potassium — In muscle, the chloride and most of 
the potassium are believed to be confined to separate phases. If 
the composition of the intra- and extracellular phases were con- 
stant from tissue to tissue, but varied only in their relative pro- 
portions, then, in a series of tissues of different composition, a 
reciprocal relation should exist between the intracellular potassium 
and the extracellular chloride, expressed in units per kilo of tissue 
water. No such reciprocal relation is apparent when one compares 
the uncorrected analytical values of chloride and potassium of 
different tissues (Table I). However, when corrections are 
applied for the chloride and potassium of the blood contained in 
the tissue, and for the potassium present in the extracellular 
fluid, an approximate inverse relation between these tissue con- 
stituents appears (Fig. 1). The points of Fig. 1 were calcu- 
lated from data given in Table I. Fig. 1 indicates that, in a 
general way, tissues with high potassium contain a low chloride 
concentration and vice versa. This may be regarded as support 
for the thesis that chloride is confined to the extracellular phase 
and that potassium is concentrated within cells. However, devia- 
tions from such a simple relation, which are outside the limit of 
experimental error, point to the inadequacy of the hypothesis as 
a complete quantitative description. 

Extracellular Phase — From the data given in Tables II and III, 
the magnitude of the extracellular phase, (jEO, of the different 
tissues of the rat and rabbit has been calculated by the method 
described above. These data are presented in Table IV. The 
values shown in the first three columns are based on the assump- 
tion that all of the chloride was extracellular, and in the last two, 
that all of the sodium was extracellular. The tissues are listed in 
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the order of increasing values of {E) for the rat. The values of 
{E) for most of the corresponding tissues of the rabbit are similar 
in magnitude. Such calculations reveal variations in (E) from 
11 per cent for skeletal muscle to 100 per cent for certain con- 
nective tissues. Those having values for the extracellular phase 
of 35 per cent or less are the skeletal muscles, heart, liver, spleen, 
brain, spinal cord, and ovaries. The gastrointestinal tract, testes. 
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Fig. 1. The K of the intracellular phase in milliequivalents per kilo of 
tissue water is plotted against the tissue Cl, in milliequivalents per kilo of 
tissue water. The values have been calculated from the data of Table I, 
corrections having been made for the Cl and K of the blood contained in the 
respective tissues and for the K of the extracellular phase. 


lung, and kidney yield values of {E) ranging as high as 62 per 
cent for the gastric mucosa. 

Basing the calculation of the extracellular phase on the sodium 
instead of the chloride does not materially alter the magnitude of 
{E) in most tissues; it is significantly larger in the ear cartilage, 
and definitely smaller in the lung and testes, all parts of the stom- 
ach, and in most connective tissues other than cartilage. It is 
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obvious from the data of Table IV that the assumption that 
sodiuni and chloride are both entirely extracellular in all tissues is 
not justifiable. The physiological interpretation of these dis- 
crepancies will be discussed in a later section. 


Tablb IV 

Apparent Extracellular Phase (E) Calculated from Cl and Na (Gm. per 
Kilo of Blood-Freet Fat-Free Tissue) 



Chloride 

Sodium 

Rate 
(8 to 8) 

Rabbit 

1 

Rabbit 

2 

Rabbit 

1 

Rabbit 

2 

Gastrocnemius 

119 

117 

109 

112 

108 

Abdominal muscle 

143 

173 

153 

193 

181 

Diaphragm 


233 

220 


198 

Heart 

140 

320 

306 

364 

350 

Liver 

219 

205 

238 

210 

! 209 

Spleen 

276 

364 

316 


268 

Brain 

255 

332 1 

376 

366 

400 

Spinal cord 


376 

324 

443 

403 

Ovaries* 


322 

1 

341 


Large intestine 

316 1 

1 

369 1 


381 

Small 

400 

381 

378 ; 

352 

354 

Testes 

499 * 

470 

478 


311 

Lung 

423 

510 

447 

430 

408 

Kidney 

399 

569 

502 

513 

490 

Stomacht 

509 

508 

386 

233 

213 

Pyloric mucosa 



535 


190 

Fundic “ 



624 


234 

Mesentery 


458 

540 

737 


Subcutaneous tissue 

579 

502 


475 


Ear cartilage 


502 

567 

1060 

1040 

Skin 


627 

603 

552 

532 

Tendon 

568 

683t 

595 

552t 

473 

Perirenal fat 

623 


1185 




* Average of three to six rabbits. No corrections, 
t The figures for rats and Rabbit 1 apply to whole stomach; those for 
Rabbit 2 to stomach muscle. 

X Averagfe of thirteen rabbits. 

Intracellular Water — ^The values of (H20)c, the intracellular 
water, calculated according to the equations given in an earlier 
section are presented in Table V. It is believed that intracellular 
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water values ranging from 70 to 75 per cent may be regarded as 
reasonable values. The skeletal muscles, which include, the 
diaphragm, and the abdominal and gastrocnemius muscles of thp 
rat and rabbit, have values of (H20)c which vary only from 726 
to 764 gm. per kilo of cells. The value of (H20)c for the heart is 
also essentially the same as that found for the skeletal muscles. 
When one considers the values of (H20)c for other tissues, one 
encounters some palpably unreasonable figures. This is par- 
ticularly true of the connective tissues where negative values for 
(H 20 )c were sometimes found. 

Between these two extreme conditions, the muscles, where 
(H 20 )c is entirely reasonable, and the connective tissues, where 
calculated values of (H 20 )c are quite unreasonable, lie a large 
number of tissues whose calculated intracellular water varies 
between 50 and 70 per cent. 

The criteria used for this calculation seem to be inapplicable 
to connective tissues and therefore invalid for each organ to a 
degree which depends on the amount of connective tissue it 
possesses. We have previously reported the observation that 
muscle fascia contains a high concentration of chloride and have 
concluded that the extracellular phase of muscle should be re- 
garded as closely related to the connective tissue phase (18, 19). 
We are now led to the same conclusion with regard to all the tissues 
which we have studied — namely, that the extracellular phase 
resembles connective tissue more closely than a serum ultra- 
filtrate and should be considered to include connective tissue pro- 
teins. Applying this consideration to muscle led to the conclusion 
that its extracellular phase contains 22 per cent solids rather than 
1 per cent (19). A similar correction made for the tissues under 
discussion would have the effect of increasing their calculated 
intracellular water concentration. 

Sodium versus Chloride — The extracellular position of sodium 
and chloride in skeletal muscle has received support from the 
observation that the ratio Na:Cl is essentially the same in muscle 
as in a serum ultrafiltrate. By plotting the values for sodium and 
chloride of rabbit tissues, one may show the extent to which the 
Na:Cl ratios conform to that of an ultrafiltrate (Figs. 2 and 3). 
A line has arbitrarily been drawn from the point representing the 
ultrafiltrate to the origin. Many points cluster about this line, 
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showing that an essentially linear relationship exists between their 
sodium and chloride concentration and that the ratio of Na:Cl 
approximates that of an ultrafiltrate. The tissues showing this 
consistency are abdominal muscle, diaphragm, liver, spleen, 
intestine, brain, and kidney. They differ in apparently having a 
greater proportion of extracellular phase (Table V), the greater 
the distance of the points from the origin. The points close to 



Fig. 2. The tissue sodium, in milliequivalents per kilo of tissue water, 
is plotted against the tissue Cl, in milliequivalents per kilo of tissue water, 
for Rabbit 1. The values have been calculated from the data of Table III. 
Corrections have been made for the Na and Cl of the blood contained in 
the respective tissues. 

the line represent tissues which possess a phase containing sodium 
and chloride in approximately serum proportions; those removed 
from the line on the left represent tissues containing cells in which 
the intracellular chloride exceeds the intracellular sodium, and 
those on the right, in which intracellular sodium exceeds the 
chloride. 

From these observations, the following tentative conclusions 
may be drawn: 
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1. The tissues whose points lie close to the line consist of (a) 
cells, similar to muscle cells, which are free of and impermeable to 
sodium and chloride, and (6) another phase which contains both 
sodium and chloride in serum ultrafiltrate proportions. This 
latter phase may be similar to connective tissue, and conceivably 
may include cells which contain both sodium and chloride, but 
are permeable only to one. For reasons pointed out by Wu (21), 


ULTRAFILT. 



Fig. 3. The tissue sodium, in milliequivalents per kilo of tissue water, 
is plotted against the tissue Cl, in milliequivalents per kilo of tissue water, 
for Rabbit 2. The values have been calculated from the data of Table III. 
Corrections have been made for the Na and Cl of the blood contained in 
the respective tissues. 

it is unlikely that mammalian cellswill be found to be impermeable 
to proteins and permeable to both cations and anions. 

2. The tissues whose points lie to the left of the line contain, in 
addition to the phases already mentioned, some cells which are 
relatively high in chloride and low in sodium. Such cells might 
resemble red blood cells in their composition and permeability 
properties. 

3. The tissues whose points lie to the right of the line contain. 



J. F. Manery and A. B. Hastings 


671 


in addition to the phases mentioned in conclusion (1), some cells 
which are relatively high in sodium and low in chloride. 

The tissues whose values deviate from the line will now be dis- 
cussed in greater detail. The blood requires no special explana- 


Table V 

Intracellular Water (Gm. per Kilo of Celle) 



Rata 

1 to 5 

Rate 

Rat 7 

Rats 

Rabbit 1 

Rabbit 2 

Testes 

765 

768 

775 

760 

748 

723 

Heart 

766 

757 

744 

748 

738 

727 

Abdominal 







muscle 


740 

741 

735 

720 

740 

Gastrocnemius. . 

738 

742 

754 

729 

747 

731 

Diaphragm. . . . 





734 

725 

Spleen 

738 

741 

734 

726 

693 

702 

Brain 

720 

720 

740 

703 

681 

661 

Lung 

720 

669 

735 


702 

680 

Liver 

653 

625 

651 

625 

670 

633 

Kidney 

699 

627 

612 


544 

600 

Large intestine.. 


767 


669 


660 

Small .,1 



573 

521 

733 

672 

Stomach* 


584 

560 

445 

644 

698 

Pyloric mucosa. 






695 

Fundic ** 






503 

Ovaries t 





575 


Spinal cord .... 





536 

500 

Mesentery 1 





537 

537 

Subcutaneous 







tissue 


522 

601 

539 

470 


Ear cartilage... . 





323 

69 

Perirenal fat ... 



294 

Negative 

1 

Negative 

Muscle fascia 


477 

220 




Skin i 


288 1 

349 

282 

180 

184 

Tendon I 


1 

Negative 


Negative! | 

20 


* The figure for Rabbit 1 applies to whole stomach; that for Rabbit 2 
to stomach muscle. 

t Average of three to six rabbits. No corrections, 
t Average of thirteen rabbits. 

tion, since the erythrocytes contain and are freely permeable to 
chloride, but are impermeable under normal conditions to sodium, 
and in many species, contain a relatively small amount of it. 
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Stomach was found to contain much more chloride than sodium. 
This is hardly surprising in view of its fimction of secreting hydro- 
chloric acid. In Rabbit 1 (Fig. 2), the analysis of the entire 
stomach wall exhibits considerable excess chloride over sodium. 
In Rabbit 2 (Fig. 3), the mucosa was separated from the muscle, 
presumably at the submucous layer, and both the fundic and 
pyloric mucosas were analyzed. The fundic mucosa, where the 
parietal cells are concentrated, contains the highest chloride con- 
tent and, therefore, a high extracellular space (Table V). This is 
in conformity with the observations of Linderstr0m-Lang and 
Holter (15) that the fundic mucosa is the site of greatest localisa- 
tion of acid. The high chloride concentration in the mucosa is 
no doubt largely due to the presence of chloride in the foveolae of 
the glands and on the surface epithelium, since it has been observed 
there in large amounts (Lison (16) and Gersh (10)). The histo- 
chemical methods of these investigators demonstrated its presence 
only in connective tissue and in the zymogen cells, but not in 
other gland cells. The values for the extracellular phase of 
stomach and its parts calculated from our chloride analyses are 
unreasonably high. Those calculated from the sodium analyses 
are entirely reasonable, however. This does not prove the per- 
meability of cells to chloride, but the formation of the hydro- 
chloric acid of the gastric juice would be difficult to explain if it 
were otherwise. 

It has previously been shown (19) that dense and probably loose 
connective tissues have chemically equivalent amounts of sodium 
and chloride. Hence, tendon and skin would not be expected to 
have the same Na:Cl ratio as that of an ultrafiltrate. The 
reason for the excess chloride in lung and testes is a matter of 
conjecture, but both are known to contain large amounts of con- 
nective tissue. In the testis, the capsule, mediastinum, and 
septula are composed of dense connective tissue, and the inter- 
stitial cells situated between the lobules are regarded as modified 
connective tissue cells. Large amounts of connective tissue pro- 
teins can be observed in the walls of the respiratory bronchioles of 
the lung, and some investigators consider the alveolar walls to be 
of connective tissue origin. 

Cartilage contains a large excess of sodium, a fact which was 
inferred by Logan (17) from the analysis of the bases of cartilage. 
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lob and Swanson (14) determined sodium directly, and found, as 
W have, that the sodium greatly exceeds the chloride content. 
This sodium is not in solution in the aqueous phase, but is prob- 
ably a part of the organic matrix. 

The fact that chloride and sodium are known to be employed 
in the stomach and cartilage for purposes other than those asso- 
ciated with the maintenance of a constant extracellular environ- 
ment lends added support to the hypothesis that most of the 
sodium and chloride of tissues is in an extracellular phase which 
is in ionic equilibrium with the blood plasma. 

DISCUSSION 

It is pertinent to inquire to what extent the data presented con- 
tribute information which aids in answering the questions raised 
at the beginning of this paper. 

The evidence presented indicates that, for the purposes of an 
approximate description of tissues, at least three chemically differ- 
ent phases are necessary. These phases which likewise have 
morphological significance are: (1) an extracellular phase, (iJ)p, 
which is in ionic (Donnan) equilibrium with blood plasma and 
consists essentially of plasma ultrafiltrate and connective tissue 
proteins; (2) an intracellular phase, (C)i, which contains neither 
sodium nor chloride and is exemplified by muscle fibers; and (3) an 
intracellular phase, (C) 2 , which contains chloride and may or may 
not have sodium in equivalent proportions; e,g,y blood cells and 
coimective tissue cells. The relative proportions of these three 
phases in different tissues of the rabbit cannot, at present, be 
expressed in quantitative terms except in a few instances. 

The connective tissues studied consist almost entirely of the 
extracellular phase, (iS)p, but have, in addition, a small intra- 
cellular phase (C) 2 . The presence of the connective tissue pro- 
teins, such as exist in tendon, exerts slight, if any, influence on the 
ionic pattern of the tissue (19). 

The skeletal muscles and the heart can be adequately described 
in terms of the two phases, {E)p and (C)i, although they, too, 
probably contain a small amount of the phase, (C) 2 . The extra- 
cellular phase of the skeletal muscle varies from 10 to 20 per cent 
depending upon the amount of connective tissue present. The 
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extracellular phase of the rabbit heart is between 80 and 36 per 
cent. In the rat, it is much lower. 

Other tissues in which the sodium and chloride are present in 
ultrafiltrate proportions are the liver, spleen, intestine, brain, 
lung, and kidney. In view of the complex nature of these tissues, 
it would be unreasonable to interpret this as evidence that they 
are simple mixtures of the phases, {E)p and (C)i. It would 
rather be more consistent with the histological composition of these 
tissues to regard the calculated extracellular phase (J5), which is 
the total chloride space, as actually representing the sum of the 
extracellular phase {E)p plus an intracellular phase, (C)*, con- 
taining Na and Cl in approximately the same proportions as 
{E)p, It is not possible at this time to estimate the relative 
proportions of {E)p and {C)%. All that one might say is that {C)% 
is probably low in liver and high in kidney. 

Examples of tissues which do not contain sodium and chloride 
in ultrafiltrate proportions are the stomach and testes. In these 
tissues, the values of the extracellular phase {E) calculated from 
sodium are reasonable, those calculated from chloride quite 
unreasonable. It seems necessary to assume that these tissues 
contain, in addition to {E)p and (C) 2 , an intracellular phase con- 
taining an excess of chloride over sodium and may or may not 
contain an intracellular phase (C)i. 

CONCLUSIONS 

The data presented show that living mammalian tissues cannot 
be divided into intra- and extracellular phases in the same manner 
as muscle. There are at least two groups: (a) tissues which have 
a large proportion of chloride-free cells, skeletal muscles, liver, 
spleen, heart, brain, and kidney; (6) tissues which have a large 
proportion of chloride-containing cells, blood, connective tissues, 
gastric mucosa, testes, and probably lung. 

These conclusions are based on the following considerations. 

When the extracellular phase of tissues was estimated on the 
assumption that all of the chloride was extracellular, the magni- 
tude of the phase varied from 11 per cent to 35 per cent in the 
tissues of group (a), but it far exceeded this magnitude in the 
tissues of group (6). 

The intracellular water, calculated on the assumption that the 
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extracellular phase is a serum ultrafiltrate, was very low in some 
of the tissues in group (6). This emphasized the fact that con- 
nective tissue proteins should be included in estimating the 
magnitude of the extracellular phase. 

The Na:Cl ratios of the tissues of group (a) are the same as in 
an ultrafiltrate, indicating the extracellular position of sodium and 
chloride in a large portion of the tissue. The tissues in group (6) 
contain chloride in excess of sodium which is interpreted as indi- 
cative of intracellular chloride. 

SUMMARY 

1. A direct relation is found to exist between the chloride and 
sodium, and an inverse relation between the chloride and potas- 
sium of many mammalian tissues, when allowance is made for 
their content of blood and fat. 

2. These observations have been interpreted in terms of the 
relative masses of extra- and intracellular phases of the tissues. 

3. Exceptions to the extracellular position of sodium and 
chloride have been noted and the significance of these exceptions 
discussed. 
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THE DIETARY INDISPENSABIUTY OF VALINE* 

By william C. ROSE and SAMUEL H. EPPSTEINf 
{From the Laboratory of Biochemistry , University of Illinois^ Urbana) 

(Received for publication, December 22, 1938) 

Biochemical literature records no reliable information concern- 
ing the relation of valine to growth. Since the discovery of this 
amino acid in biological materials (von Garup-Besanez, 1856), 
little has been added to our knowledge of its metabolic significance. 
Doubtless this is to be accounted for, as in the case of several other 
amino acids, by the fact that no procedure exists whereby valine 
may be removed quantitatively from the products of protein hy- 
drolysis. In order to determine its nutritive r61e, one must resort 
to the use of diets in which the nitrogen is supplied in the form of 
mixtures of highly purified amino acids. Such experiments have 
now been consummated. The results demonstrate that valine, 
despite its relative simplicity in structure, cannot be synthesized 
by the organism of the rat. Animals deprived of it experience a 
profound nutritive failure, with rapid decline in weight, loss of 
appetite, and eventual death. Furthermore, they manifest 
strange symptoms which appear to be characteristic of this type of 
dietary inadequacy. The details of the methods employed and 
of the results obtained are outlined below. 

EXPERIMENTAL 

The composition of the amino acid mixture (Mixture XV-b) 
is shown in Table I. As will be observed, alanine, valine, and 

* Aided by grants from the Rockefeller Foundation and the Graduate 
School Research Fund of the University of Illinois. 

The results of this investigation were presented in abstract (Rose, 1937, 
1938). 

t The experimental data in this paper are taken from a thesis submitted 
by Samuel H. Eppstein in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in Biochemistry in the Graduate School of 
the University of Illinois. 
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threonine were not included. Alanine was omitted inasmuch as 
the mixture was designed for use in another investigation in- 
volving this amino acid. The three missing components were 
introduced directly into the diets in the quantities desired. All 


Table I 


Composition of Amino Acid Mixture 


Glycine 

Alanine 

Valine 

Leucine 

Isoleucine 

Norleucine 

Proline 

Hydroxyproline 

Phenylalanine 

Glutamic acid 

Aspartic ** 

Serine 

Tyrosine 

Cystine 

Histidine 

monohydrochloride monohydrate 

Arginine 

monohydrochloride 

Lysine 

“ dihydrochloride 

Tryptophane 

Methionine 

Sodium bicarbonate 


Mixture XV-b 


Active amino 
acide 

As used 

gm . 

gm . 

3.00 

3.00 

0 

0 

0 

0 

9.00 

18.00* 

4.00 

8.00* 

1.25 

2.50* 

8.00 

8.00 

2.00 

2.00 

3.90 

7.80* 

22.00 

22.00 

4.10 

4.10 

1.60 

3.00* 

6.50 

6.60 

1.26 

1.25 

3.70 

5.00 

5.26 

6.35 

7.70 

11.56 

2.25 

2.25 

1.75 

3.50* 


13.38 

87.16 

128. 18 t 


* Racemic acids. 

1 1.471 gm. of the mixture are equivalent to 1.0 gm. of active amino acids. 

of the amino acids were shown to be analytically pure before being 
incorporated in the food. 

The make-up of the diets is shown in Table II. Each supplied 
18 per cent of active amino acids including glucosamine, and was 
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administered cd libitum. Diet 1 contained 4.0 per cent of db- 
valine. Undoubtedly, this amount is far in excess of the needs of 
the organism, but at the time the experiments were conducted no 
information was available as to the optimum valine intake. Diet 
2 differed from Diet 1 in that it was devoid of valine. The vita- 
min B factors were furnished to each animal in the form of two 
pills daily, each containing 75 mg. of milk concentrate and 50 mg. 


Table II 

Compoaiiion of Diets* 



Diet 1 

Diet 2 


gm. 

gm. 

Amino acid Mixture XV-b 

20.6 

23.5 

Alanine {dU) 

1.0 

1.0 

Threonine (d-)t 

0.7 

0.7 

Glucosamine hydrochloride (d-) 

1.0 

1.0 

Sodium bicarbonate 

0.4 

0.4 

Dextrin 

20.3 

21.4 

Sucrose 

15.0 

15.0 

Salt mixture! 

4.0 

4.0 

Agar 

2.0 

2.0 

Lard 

26.0 

26.0 

Cod liver oil 

5.0 

5.0 

Valine (d/-) 

4.0 

0 


100.0 

100.0 


* Each diet contained 18 per cent of active amino acids, including 
glucosamine. The vitamin B factors were supplied in the form of two pills 
daily, each containing 75 mg. of milk concentrate and 50 mg. of tikitiki 
extract. The daily intake of nitrogen from these sources amounted to 
approximately 4 mg. 

t Natural d(-~) -threonine (c/, Meyer and Rose (1936)). 

t Osborne and Mendel (1919). 

of tikitiki extract. The daily intake of nitrogen from these sources 
amounted to slightly less than 4 mg., and was the only nitrogen 
of unknown kind in the rations. 

The results of the experiments are summarized in Charts I 
and II. In Table III are recorded the total changes in body 
weight and the total food intakes of the animals. All of the 
members of Litter 1 (Chart I), with the exception of Rat 2457, 
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received the valine-free diet for a period of 28 days. During this 
time they manifested a profound nutritive failure, with rapid 



Chart I. The numbers in parentheses denote the initial and final weights 
of the rats. 


decrease in weight and marked loss of appetite. Three animals 
were then transferred to the ration containing valine. Growth 
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promptly ensued. Of Litter 2 (Chart II), three members received 
valine and two were deprived of it for the duration of the test. 



Chart II. The numbers in parentheses denote the initial and final 
weights of the rats. 


The difference in growth behavior of the animals which received 
the amino acid, as contrasted with those which did not, is quite 
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striking. Similar experiments were conducted upon four addi- 
tional litters, but inasmuch as the results were quite uniform, the 
details are omitted from this report. 

The most striking feature of valine deprivation is the develop- 
ment of peculiar symptoms which are unlike any we have encoun- 
tered in other types of amino acid deficiencies. The rats become 
extremely sensitive to touch, and display a severe lack of coor- 
dination in movement. They walk with a staggering gait. The 
initial stages of this condition are illustrated in Fig. 1. As the 


Tablb III 

Total Changes in Body Weight and Total Food Intakes oj 
Experimental Animals 


1 

Litter No. 

Rat No. 
and sex 

Days 

Total 
change in 
weight 

Total food 
intake 

Supplement 




gm. 

gm. 


1 

2467 d* 

28 

+41 

153 

4% dZ-valine 


2469d' 

28 

-19 

56 

No valine 


2460 cf 

28 

~21 

67 

tt tt 



16 

+20 

65 

4% dZ-valine 


24619 

28 

-20 

66 

No valine 


2462 9 

28 

-24 

53 

<1 it 



16 

+29 

68 

4% <ZZ-valine 

• 

2463 9 

28 

-24 

68 

No valine 



16 

+26 

66 

4% dZ-valine 

2 

2502 9 

28 

+32 

116 

tt tt 


2603 

28 

+38 

126 

tt tt 


2604 

28 

+32 

123 

tt tt 


2606 9 

28 

-18 

49 

No valine 


2506 d* 

28 

-22 

38 

tt tt 


animal attempts to walk, the left fore leg is raised inordinately, 
and the head is retracted. Frequently, the subjects show a rotary 
motion resembling that of a dog chasing his tail. Tlxis may be 
either clockwise or counter-clockwise, and may continue until the 
animals fall to the floor of the cage from sheer exhaustion. As 
would be anticipated, the symptoms are readily cured by the ad- 
ministration of valine without any other therapeutic measure. 
The remarkable effects of the amino acid are dramatically por- 
trayed in Fig. 2 (Rat 2460). The upper photograph was taken 
on the 28th day of the deficiency. At that time, the subject had 
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lost ()n(‘-thir(l of its body was too weak to consume food, 

and appcar(‘d to b(‘ at the j)oint of d(‘ath. Valine was admiiiis- 
t(‘red sev(Ta! times in solution by pi})ette. The next day the 



Pie. ]. Pat 2H)1 9, showing the initial stages of the incoordination in 
inov(‘rnent ohsin vi'd in animals de[)riv(‘d of valine. 



Pk;. 2. l'h(‘ upper jihotograpli shows Hat 2460 on the 2Sth day of valine 
deprivation, Th(‘ lower ])hotograph shows th(‘ same animal after valiiu* 
had been administt*red for 26 davs. 

animal sliowial mark(*d imj)rov(‘ment and was able to eat. The 
amino acid was tluai ineorporattal in tlie basal ration. The lower 
])liot()graj)h was taken 24 days later. All symptoms had dis- 
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appeared, the fur coat liad becoiiK' smooth, and tlu' body weight 
had increased from 44 gm. to 82 gm. 

WhetluT tlie unique syndroiiK' following valine depriv^atioii is 
associated wdth sp(‘cifi(* l(\sions of the nervous systt'm has not yet 
been det(‘rmiued. It is our intention to investigate this aspect of 
the problem in the near future. In th(' mc'antime, then* can b(* no 
d()ul:)t that valine u an imiispemable dietary component, 

SUMMARY 

By the use of di(‘ts (l(*void of proteins, but containing mixtures 
of liighly punfi(*d amino acids, v’aline has bcoii show'ii to lx* an 
in(lisp(*nsabl(‘ compon(‘nt of the food. 

Rats (]e])rivM*d of v'aliiH* manifest p(*(*uliar syjn])toms which 
appear to lx* charact(‘ristic of this type* of (li(*tary d(‘fici(‘n(*y. 

HinLIO(JKAl*H V 
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THE COMPOSITION OF GORGONIN, SPONGIN, TURTLE SCUTES, 
AND OTHER KISRATINS 

By RICHARD J. BLOCK and DIANA BOLLING 

(From the Department of Chemistry^ New York State Psychiatric Institute 
and Hospital, New York) . 

(Received for publication, November 30, 1038) 

Keratins are defined as insoluble proteins which are extraor- 
dinarily resistant to digestion by the usual proteolytic enzymes. 
The resistance of keratins towards enzymatic digestion seems to 
depend, in part, on their fibrous structure which results from the 
joining together of the peptide chains in a definite manner in 
space. If the organization of a keratin is destroyed by mechanical 
(1, 2) or chemical (3, 4) means, it loses this resistance to enzymatic 
hydrolysis. Histologically and chemically keratins are not always 
homogeneous proteins. Animal hairs such as wool are composed 
of medullary, cortical, and intercellular keratins which differ in 
resistance towards enzymes and in sulfur content. Reduction of 
wool keratin results in a soluble protein which can be fractionated 
by ammonium sulfate into two components (3), while grinding 
wool in a ball mill for prolonged periods of time yields a water- 
soluble fraction containing nitrogen and sulfur (2). Kiihne (1) in 
1877, showed that very finely divided hair is digested by pepsin. 
Routh and Lewis (2) have recently confirmed this observation and 
find furthermore that when powdered wool is extracted with water, 
a soluble nitrogen- and sulfur-containing compound is obtained. 
Recent investigations on the amino acid composition of the 
keratins have indicated that they may be divided into two classes, 
eukeratins and pseudokeratins (5). It was suggested that those 
keratins which are chemically similar to cattle horn (icipas) be 
named eukeratins. Eukeratins are defined as insoluble proteins, 
resistant to enzymatic digestion, which yield histidine, lysine, and 
arginine in the molecular ratios of approximately 1:4:12. Those 
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keratins which do not 3 deld histidine, lysine, and arginine in 
molecular ratios of approximately 1:4:12 have been designated, 
for convenience, as pseudokeratins. The pseudokeratins in general 
do not show the same resistance towards enz 3 rmatic digestion as 
do the eukeratins, for from 25 to 60 per cent of the pseudokeratins 
is often dissolved by treatment with pepsin and trypsin.^ 

The experiments reported in this paper are a continuation of 
our studies on comparative biochemistry. The keratins from two 
species of Oorgonia^ Gorgonia flabellum and Plcxaurella dichotomay 
and one species of sponge, Euspongiay have been reinvestigated, 
while the external covering of the turtle shell, the scutes, and a 
homy excrescence which appears on the bill of the male American 
white pelican (Pelicanus erythrorhynchus) during the mating 
season have been studied for their amino acid composition. 

EXPERIMENTAL 

The procedures given below are those used in the preparation, 
purification, and analysis of the keratins, although minor varia- 
tions in the methods were often required by the nature of the 
material. 

The tissue was ground fine enough to pass a 20 mesh sieve. 
The fat was removed with hot organic solvents, and the tissue 
was extracted overnight at 37-40® with a large volume of 1 :3 HCl. 
After removal of the acid by thorough washing with cold followed 
by warm water, the residue was digested with pepsin and HCl 
for 24 hours. At the conclusion of the peptic digestion, the washed 
residue was digested with trypsin in phosphate buffer at pH 7.8. 
After removal of the buffer, the residue was extracted with hot 
organic solvents and then dried at 110® to constant weight. 

All chemical analyses were carried out two or more times, pref- 
erably on different samples of protein. 

Total nitrogen was estimated by the usual Kjeldahl method 
with Cu and Se as catalysts. Sulfur was estimated both by the 
Parr bomb and the Pregl micromethod. Iodine was determined 
by alkali fusion, reduction of the resulting Nal to I*, and colori- 
metric comparison of the latter in CCU solution (6). 

The basic amino acids were isolated by the silver precipitation 

^ The amino acid composition of the keratins, especially the pseudo- 
keratins, may change somewhat during the course of purification. 
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method (7) and the purity of the resulting flavianateSi nitranilates, 
and picrates was checked by analyses and melting points. Cystine 
was determined by two methods: colorimetrically by Miller and 
du Vigneaud^s procedure (8) and gravimetrically by precipitation 
with CuaO according to Graff et of. (9). Tyrosine was estimated 
by a modification of Folin’s method (c/. (7)). Tryptophane was 
determined by Folin’s method and by both Bates^ (10) and Sul- 
livan^s (11) adaptations of the dimethylaminobenzaldehyde pro- 
cedure. Glycine was determined by a modification of Bergmaim 
and Fox^s method {cf. (7)), phenylalanine by the dinitrobenzene 
procedure (7), and diiodotyrosine by Lugg’s method (12). 

Results 

Gorgonin — Valenciennes (13) first pointed out in 1855 that the 
internal skeleton of certain Mediterranean Gorgonia was composed 
of a protein similar to horn and called by him gorgonin. Subse- 
quent investigations by Krukenberg (14), Mendel (15), Mor- 
ner (16), and others (17-20) suggested that these insoluble and 
indigestible proteins are keratins similar to those obtained from 
the ectoderm of the higher animals. Momer (16) and Henze (18) 
reported the presence of tyrosine, arginine, lysine, leucine, his- 
tidine, phenylalanine, diiodotyrosine, glycine, alanine, aspartic 
acid, and glutamic acid. In one case Primnoa lepodifera, the 
former investigator isolated dibromo tyrosine which had appar- 
ently replaced iodogorgoic acid. In spite of the relatively large 
amount of sulfur found in gorgonin, earlier investigators were 
unable to isolate cystine. 

The data found on analysis of the keratin of two species of 
Gorgonia obtained from the Tortugas Islands, Florida, confirm in 
general the previous results of Valenciennes (13), Krukenberg (14), 
Mendel (15), and others (16-20) which are summarized in Table I, 
Columns 2, 4, and 5. The results of the present experiments on 
Gorgonia flabeUum and Plexaurella dichotoma are given in Columns 
1 and 3. Inspection of Table I shows that gorgonin from Gorgonia 
flabeUum and Plexaurella dichotoma are quite alike in chemical 
composition, with the exception of iodine and possibly histidine. 
The samples of gorgonin from Gorgonia Jlabellum contained ap- 
proximately 0.13 per cent of I», while that from PlexaureUa dicho- 
toma yielded 0.68 per cent. The unusually large amount of 
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12 (6), and 13 (26, 27). 

* Silk fibroin is not considered to be a pseudokeratin. 
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tyrosine in gorgonin is in marked contrast to spongin which yields 
approximately 1 per cent of this amino add. Turtle scutes, silk 
fibroin, and pepsin also contain in the neighborhood of 13 per cent 
of tyrosine. Estimations of the amount of tryptophane present 
in gorgonin by Folin^s phenol reagent indicated 5.4 per cent for 
gorgonin from Gorgonia flabellum and 4.6 per cent in gorgonin 
from Plexaurella dichotoma. However, repeated tests for this 
amino acid with dimethylaminobenzaldehyde indicated little or 
no tryptophane. Therefore, in view of the unreliability of the 
phenol reagent in the estimation of tryptophane in complex mate- 
rials, it is tentatively suggested that gorgonin is deficient in this 
substance. 

Block and Vickery (20) in 1931 analyzed imdigested Gorgonia 
flabellum and Plexaurella dichoioma and foimd that Gorgonia 
flabellum yielded histidine, lysine, and arginine in the molecular 
ratios of 1:6:12 and Plexaurella dichoioma contained these amino 
acids in the molecular ratios of 1:8:12. In view of the general 
similarity of these ratios to that assigned to the eukeratins 
(1:4:12), it was tentatively assumed at that time that gorgonin 
may be a eukeratin. Analyses of somewhat more highly purified 
gorgonin preparations by the improved method for the basic 
amino acids yielded comparatively more histidine and lysine but 
less arginine than the earlier analyses and indicate that histidine, 
lysine, and arginine are in the molecular ratios of approximately 
1:4:6 and not 1:4:12. 

It was recognized in 1931 that the amounts of lysine obtained 
from gorgonin were somewhat high and the quantities of arginine 
somewhat low for a eukeratin but the histidine to arginine ratio 
of 1:12 was considered sufficient evidence for calling this protein 
a eukeratin. Since that time, other keratins have been analyzed 
which were characterized by a rather constant lysine to arginine 
ratio of approximately 4:6. These have been called pseudo- 
keratins. The amount of histidine present in the pseudokeratins 
is variable. As a result of the present analyses on digested 
gorgonin, this protein is tentatively classed as a pseudokeratin.^ 

Spongin — Sponges belong to the group of aquatic animals 
{Porifera) which are characterized by a porous structure and have 
either a siliceous, calcareous, or homy skeleton. The endoskeleton 
is derived from the dermal layer. The common bath sponge is 
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gathered by dredging and the digestible portions are removed by 
allowing the sponges to decay. The resulting fibrous skeleton, 
called spongin,'was analyzed for C, H, N, S, I, and P, by Crooke- 
witt in 1843 (21). The amino acid composition of spongin has 
been investigated by Kossel and Kutscher (22), Abderhalden and 
Strauss (23), and Clancy (24). These results are summarized 
in Table I, Column 7. The samples used for the present analyses 
were obtained from a commercial source. The analytical results 
are summarized in Table I, Column 6. It will be seen that 
amounts of the basic amino acids and glycine are quite similar in 
gorgonin and in spongin but these pseudokeratins differ rather 
markedly in their content of cjrstine and tyrosine. The amount 
of cystine in spongin is low for a keratin, approximating that 
found in neurokeratin. 

Spongin gave a color equivalent to 6.3 per cent of tryptophane 
with the phenol reagent but when analyzed for tryptophane by 
the dimethylaminobenzaldehyde and the Adamkiewicz methods, 
no trace of color was produced. The small amount of tyrosine 
present in spongin was early noted (28) and is in marked contrast 
to that in gorgonin, which jdelds about 13 per cent of this amino 
acid. The statement by Stadeler (29) in 1859 that spongin is 
chemically allied to silk is extensively cited. We have, for the 
purposes of comparison, included in Table I some recent amino 
acid analyses of silk fibroin. It will be seen that the amino acid 
composition of spongin and fibroin is quite different. Chemically, 
spongin appears to be related to neurokeratin. 

Scutes {Turtle ) — The chemical composition of the protein of 
turtle scutes given in Table I, Column 8, is compiled from data 
obtained on duplicate analyses of three different preparations of 
scutes, the results of which checked closely. The amino acid 
values, taken together with anatomical and physiological informa- 
tion, seem to place tortoise scutes protein among the pseudo- 
keratins. The chief difference between this protein and others 
so classified is in the larger amount of histidine (1.8 per cent) and 
smaller amount of lysine isolated. In contrast to other pseudo- 
keratins (whale baleen, gorgonin, spongin, etc.) which yield over 
3 per cent of lysine, less than 2 per cent was obtained from scutes 
although six experiments with 2.6 to 10.0 gm. of protein each were 
carried out. An imusual difficulty was encountered during the 
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lysine analyses. A considerable amount of a reddish brown, 
sticky precipitate appeared during the precipitation with phospho- 
tungstic acid shortly after the appearance of the white, crystalline 
lysine phosphotungstate. In one experiment part of this material 
was removed from the centrifuge bottle without changing the 
yield of pure lysine picrate. 

From these amino acid analyses, it appears that turtle scutes 
are comparatively rich in histidine and 3 rield lysine and arginine 
in the molecular ratio of 3 : 6. This latter value is midway between 
the usual l 3 r 8 ine to arginine ratios found in eukeratins and pseudo- 
keratins. These results suggest that turtle scute protein is not 
a typical pseudokeratin and may be a mixture of eu- and pseudo- 
keratins or a member of a new class of keratins. 

Pelican Excrescence — The sexually mature, male American white 
pelican produces during the mating season a semilunar, homy 
excrescence on the bill. This ‘^hom^’ is lost at the end of the mating 
period. On the basis of its morphology, insolubility, and indi- 
gestibility, pelican excrescence is a keratin. In appearance, the 
tissue is similar to hom and nail keratin, but amino acid analyses 
(Colunm 9 of Table I) show quite definitely that pelican excrescence 
is a pseudo- and not a eukeratin. 

DISCUSSION 

Chemical investigations have indicated that the insoluble, 
enzyme-resistant keratins, almost always of ectodermal origin, 
may be divided into two groups which have been called eukeratins 
and pseudokeratins. Proteins which have been classified as 
eukeratins are human hair (30), chimpanzee hair (31), cow 
hair (31), goat hair (32), camel hair (32), goose feathers (20), hen 
feathers (32), finger nails (33), cattle horn (33), rhinoceros hom 
(32), spiny echidna quills (34), porcupine quills (34), snake skin 
(20, 32), and hen^s egg-shell membrane (35). Proteins which may 
be called pseudokeratins are human skin (25), neurokeratins (5), 
whale baleen (5), horse burrs (5), fish egg casing (36), spongin, 
probably gorgonin, and possibly turtle scutes. 

It is of interest to speculate on the possible relationship of the 
eukeratins and pseudokeratins. Experiments involving fractional 
enzymatic digestion of pseudokeratins (whale baleen, human skin, 
horse burrs, etc.) indicate that eukeratins do not arise from pseudo- 
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keratins by any simple autolytic removal of the more earily 
digestible proteins, but that the formation of eukeratins is the 
result of a true synthetic process. It may be that stimulation 
by the corium of ectodermal cells, which normally produce pseudo- 
keratin, results in the formation of a tissue composed primarily 
of eukeratins. Thus the pseudokeratins may be more closely 
related to the primordial ectoderm. The eukeratins, which are 
characterized especially by the constant ratio of their basic 
amino acids, may have been evolved from the ectoderm for the 
purpose of affording the animal extra protection against the 
environment. 


SUMMARY 

1. Gorgonin, spongin, turtle scutes, and a homy excrescence on 
the bill of the pelican were analyzed for nitrogen, sulfur, iodine, 
histidine, lysine, arginine, tyrosine, tryptophane, phenylalanine, 
and glycine. 

2. These proteins, which may be classified as pseudokeratins, 
are characterized by their insolubility, resistance towards enzy- 
matic digestion, and by their content of lysine and arginine. The 
latter are in the molecular ratio of approximately 4:6. 

3. Specific differences in amino acid composition are also appar- 
ent. Thus gorgonin and turtle scutes contain more than 13 per 
cent of tyrosine, while spongin yields less than 1 per cent of this 
amino acid. More than 8 per cent of cystine was found in the 
former proteins, while spongin and pelican excrescence contain 
approximately 3 and 4 per cent respectively. In contrast to other 
pseudokeratins, turtle scutes yield more histidine and less lysine. 
Tryptophane was not found in either spongin or gorgonin. 

4. The origin and possible interrelationship of the eukeratins 
and pseudokeratins are discussed. 
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Small amounts of titanium are foimd in plant and animal 
tissues. According to Bertrand and Voronca-Spirt (1) the liver 
in animals and the polishings of cereals contain the most. More 
recently, Vinogradov (2) has estimated the titanium content of 
tissues. According to Mellor (3) it is more abundant in the 
earth^s crust than any of the common metals except iron. Richet, 
Gardner, and Goodbody (4) and Pick (5) have fed animals with 
large amounts of titanium and found it to have little or no toxic- 
ity. There remains, however, the possibility that the titanium 
which is always present in animal tissues, particularly the liver, 
may have a metabolic function, and the following experiments 
were carried out on tissue suspensions to determine whether this 
was the case. 

EXPERIMENTAL 

It was necessary first to obtain a preparation of titanium that 
was soluble in the presence of phosphate buffer, for addition of the 
insoluble TiOs or titanous phosphate to tissue was without effect. 
Titanous sulfate was added to 0.05 m phosphate buffer of pH 
6.7 so that the final concentration was 5.0 mg. per cc. and a 
precipitate of titanous phosphate formed immediately. To this 
2 drops of 30 per cent H 2 O 2 were added and after the mixture had 
stood for a few hours at room temperature the precipitate dis- 
solved and a clear light yellow solution was obtained. This was 
then boiled to get rid of the excess H 2 O 2 and allowed to stand for 
several days. Any small amoimt of H 2 O 2 that still remained was 
immediately decomposed when added to the tissue by the catalase 
present in it. 0.05 cc. of this solution, containing 6 micrograms 

m 
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of titanium as sodium pertitanate, was used in the following 
experiments. The solution of this salt in phosphate buffer 
is stable at room temperature for several weeks. 

The tissues of the rat were prepared by chopping with scissors, 
grinding with sand after adding 0.05 m phosphate buffer, and 
squeezing through muslin. Varying amounts of the resulting 
suspension were added to the Warburg vessels and buffer added 
so that the final volume was 2.0 cc. When 6 micrograms of 
titanium were added to such suspensions, a marked inhibition 



Fig. 1. The oxygen uptake of untreated rat liver suspension with and 
without 6 micrograms of titanium as sodium pertitanate at pH 6.7 and 37®. 
Curve 1, control; Curve 2, with titanium. 


of the oxygen uptake occurred (Fig. 1). That this was due 
to the titanium and not to any traces of H 2()2 that may have been 
added with it was shown by the fact that additions of relatively 
large amounts of H 2 O 2 had no effect on the subsequent oxygen 
uptake of the tissue. The inhibition of the oxygen uptake of 
liver was the greatest, the kidney next, and the brain showed 
the least. The liver was therefore used in the following experi- 
ments. 

In order to see whether a specific oxidation was being inhibited 
by the titanium, a liver suspension was made by preparing 3 gm. 
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of liver and centrifuging twice with 60 cc. of water containing 
10 cc, of phosphate buffer of pH 6.7. After the second washing 
the insoluble protein that remained and which was now practically 
free of hemoglobin and oxidizable substrates was suspended in 
10 cc. of buffer of pH 6.7 and 0.4 to 0.6 cc. used in each Warburg 
vessel. The titanium effect on this washed protein is negligible. 
Various substrates were then added to the protein with and 
without titanium. These included amines, amino acids, alcohols, 
aldehydes, hypoxanthine, glucose, lactate, succinate, citrate, 
acetate, choline, and cysteine. Only the oxidation of cysteine 
was inhibited by the presence of titanium. 

It is well known that cysteine is oxidized to cystine and that 
certain metals catalyze this oxidation. It has been assumed that 
the addition of tissue to a solution of cysteine will increase the 
rate of this oxidation because of the iron and copper present in 
the tissue. It was immediately obvious, however, that the 
addition of washed liver suspension did more than this, because 
the extra oxygen uptake caused by the cysteine was much greater 
than could be accounted for by its oxidation to cystine. There 
were two possibilities to account for this. If cystine were formed 
from cysteine in the presence of liver, the cystine might be reduced 
back again by the liver protein. Such a reversible process would 
account for the extra oxygen uptake and the uptake would de- 
I)end on the amount of protein present. But this cannot be the 
case, because added cystine has no effect on the uptake and be- 
cause the uptake is dependent only on the concentration of 
cysteine and is independent within the limits of the protein 
concentration. Furthermore, titanium, carefully freed of excess 
H 2 O 2 , when added to a solution of cysteine without liver actually 
accelerates the oxidation of the cysteine to cystine. Therefore 
the extra oxygen uptake of cysteine in the presence of liver pro- 
tein is probably caused by a further oxidation of the cysteine it- 
self. As no appreciable deamination occurs, this oxidation 
probably takes place on the sulfur. 

It therefore seems probable that when cysteine is added to the 
liver preparation part of it is oxidized to cystine but no further 
and this oxidation is not inhibited by titanium. Another part 
of the cysteine is oxidized in a different way, taking up more 
oxygen, and this oxidation is inhibited by titanium. At pH 
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6.7 in phosphate buffer the oxidation of C3n3teine to cystine pro- 
ceeds slowly. In the presence of liver protein the oxidation is 
rapid. It therefore seemed possible to arrange the conditions so 
that only the minimal amount of cysteine went to cystine and 
the amount of oxygen taken up by the rapid oxidation could be 
accurately measured. Such conditions were obtained when 0.4 
to 0.6 cc. of liver protein was mixed with 0.25 mg. of cysteine 
hydrochloride (neutralized), and the results are shown in Fig. 2. 



Fig. 2. The oxidation of 0.25 mg. of cysteine hydrochloride (neutralized) 
with 0.4 cc. of washed liver protein at pH 6.7 and 37®. Curve 1, the oxy- 
gen uptake of liver and cysteine hydrochloride from which is subtracted the 
uptake of the liver alone; Curve 2, the oxygen uptake of liver, cysteine 
hydrochloride, and 6 micrograms of titanium as sodium pertitanate from 
which is subtracted the uptake of the liver and titanium alone. Horizon- 
tal Line A, theoretical uptake for 3 atoms of oxygen per molecule of cys- 
teine hydrochloride ; horizontal Line B, theoretical uptake for the oxidation 
of cysteine hydrochloride to cystine. 

If this amount of cysteine hydrochloride was oxidized to cystine, 
9 c.mm. of oxygen would be taken up. Instead, 54 c.mm. are 
taken up and this means that 3 atoms of oxygen are used per 
molecule of cysteine hydrochloride, which would correspond to 
the production of cysteic acid. No CO 2 is given off during the 
oxidation. In the presence of 6 micrograms of titanium the 
oxidation to cysteic acid is almost completely inhibited and the 
uptake due to cysteine is only slightly more than the theoretical 
for the formation of cystine. 
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As there is a 6«fold difference in the oxygen uptake of C3rsteine, 
depending on whether it is oxidized to cystine or cysteic acid, 
it is possible to determine from the final oxygen uptake which 
of the two oxidations predominates \mder any given set of con- 
ditions. The percentage inhibition by titanium will also be an 
indication, for if much of the cysteine goes to cystine the inhibi- 
tion will be less. This can be shown by varying the relative 
concentrations of liver protein and cysteine (Table I). If too 
little protein is present to cause the rapid oxidation of cysteine 

Table I 

Effect of 6 Micrograma of Titanium As Sodium Pertitanate on Oxygen Uptake 
of OM Mg. of Cysteine Hydrochloride with Varying Quantities of 
Washed Rat Ldver Protein at pH 6.7 and S7^ 


The theoretical for the uptake of 3 atoms of oxygen per molecule of 
cysteine hydrochloride is 64 c.mm. 


Time 

0.2 00 . liver -f cyeteine 
hydrochloride 

0.4 00 . liver + cyeteine , 
hydrochloride 

i 

0.8 cc. liver 4- cyeteine 
hydrochloride 


Alone 

Titanium 

Alone 

Titanium 

Alone 

Titanium 

min. 

e.mm. 0% 

e.mm. 0% 

e.mm. Os 

e.mm. Os 

e.mm. Os 

e.mm. Os 

10 

1 

2 

8 

0 

33 

9 

20 

3 

5 

20 

3 

54 

14 

30 

12 

9 

27 

4 

60 

21 

40 

19 

15 

33 

8 

59 

25 

50 

23 

16 

37 

7 

61 

24 

60 

25 

18 

40 

10 

62 

23 

70 

28 

23 

46 

14 

61 

24 

80 

32 

26 

50 

13 1 

63 

24 

90 

33 

29 

52 

14 

60 1 

24 


to the product with 3 atoms of oxygen, then a fair proportion of 
the cysteine goes to cystine; the final uptake is less than the 
theoretical for 3 atoms and the titanium inhibition is small. 
If the amount of liver protein is increased and the cysteine con- 
centration is kept constant, the rate of oxidation increases but 
the final uptake remains the same and the percentage inhibition 
by titanium remains about maximal. 

The catalyst responsible for the uptake of 3 atoms of oxygen is 
thermolabile. Boiling the liver protein for 5 minutes completely 
abolishes this oxidation and the uptake in the presence of the 
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boiled protein corresponds to the oxidation of cysteine to cystine. 
Titanium slightly increases the rate of this oxidation. Hemo- 
globin alone does not cause the uptake of 3 atoms of oxygen, 
so traces of this pigment which may still be present in the liver 
protein do not enter into the reaction. Cyanide inhibits the 
uptake of 3 atoms of oxygen as well as the oxidation to cystine. 
The inhibition by titanium decreases with increasing pH. At 
pH 6.4 the uptake of the 3 atoms of oxygen is slower than at 
pH 6.7 but the titanium inhibition is the same. 

Because pertitanic acid is an oxidizing agent, it was possible, 
despite the fact that so little was present, that it was donating 
oxygen to the cysteine and the inhibition in the oxygen uptake 
was only apparent. To prove that this was not the case the 
nitroprusside test for — SH groups was carried out. After the 
oxidation of cysteine with and without titanium had proceeded 
for 20 minutes, an aliquot was removed from the vessels and 
tested in the usual way. The nitropnisside test was almost 
negative in the control in which oxidation was rapid but was still 
present in the titanium-inhibited system. The intensity of color 
in this latter was about the same as in the aliquot taken from the 
vessel in which cysteine without liver was being oxidized. This 
test showed even more striking differences in the case of thio- 
glycolic acid described below. 

The evidence thus far indicates that cysteine may be oxidized by 
a thermolabile catalyst in liver, causing the uptake of 3 atoms of 
oxygen with the probable formation of the sulfonic acid. Thio- 
glycolic acid was therefore tried to determine whether the oxida- 
tion of the sulfur atom was a general one. The results are shown 
in Fig. 3. In this case also a rapid oxidation without decarboxy- 
lation occurs in the presence of washed liver protein with the 
uptake of 3 atoms of oxygen per molecule, and it is completely 
inhibited by 6 micrograms of titanium. The uptake is a function 
of the amount of thioglycolic acid added and is independent 
within limits of the amount of protein present. As shown in 
Fig. 3, the titanium inhibition decreases after about 2 hours and 
the decrease is greatest where the greatest amount of thioglycolic 
acid is being oxidized. This shows that the inhibition is re- 
versible. Thioglycolic acid alone in buffer of pH 6.7 is oxidized 
very slowly and titanium has no effect on this oxidation. When 
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the oxidation by liver was complete, samples were removed from 
the control and from the titanium-inhibited system. The 
nitroprusside test showed the complete absence of — SH groups 
in the control and a concentration of — 8H groups in the titanium- 



Fig. 3. The oxidation of different amounts of thioglycolic acid (neutral- 
ized) with 0.4 cc. of washed liver protein at pH 6.7 and 37®. The curves 
represent the oxygen uptake of the liver and the thioglycolic acid, and the 
liver, thioglycolic acid, and 6 micrograms of titanium, as sodium perti- 
tanate, from which the oxygen uptake of the respective controls has been 
subtracted. Curve 1, liver, 0.5 mg. of thioglycolic acid, and titanium; 
Curve 2, liver, 0.26 mg. of thioglycolic acid, and titanium; Curve 3, liver, 
0.126 mg. of thioglycolic acid, and titanium; Curve 4, liver and 0.5 mg. of 
thioglycolic acid; Curve 6, liver and 0.26 mg. of thioglycolic acid; Curve 6, 
liver and 0.125 mg. of thioglycolic acid. The horizontal lines represent the 
theoretical for the uptake of 3 atoms of oxygen per molecule of thioglycolic 
acid. 

inhibited sample equal to that of the original thioglycolic acid 
added. This shows the complete removal of — SH groups when 
the oxidation was finished. This fact, with the quantitative 
uptake of 3 atoms of oxygen, suggests the formation of the sul- 
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fonic acid. The oxidation of thioglycolic acid resembles that of 
cysteine except that longer boiling is required completely to inhibit 
the oxidation of the former. 

A strong acid is formed during the oxidation of these com- 
pounds, as is shown in the following experiment. The oxidation 
of 0.25 mg. of thioglycolic acid was allowed to proceed in the 
absence of buffer and the pH determined by brom-thymol blue 
when the oxidation was complete. The solution containing the 
oxidized tliioglycolic acid was 0.3 pH more acid than the control, 
but in the presence of titanium the pH was the same as in the 
control. 

It is interesting that glutathione is not oxidized with the up- 
take of 3 atoms of oxygen. When it is added to tissue, a small 
extra oxygen uptake occurs which can be accounted for by its 
oxidation to the disulfide compound. This is not inhibited by 
titanium. Ethyl mercaptan is only very slowly oxidized by the 
washed liver preparation and no definite end-points could be 
obtained. In this case, also, titanium inhibits the reaction. 

DISCUSSION 

The oxidation of cysteine to cysteic acid in the animal body has 
been postulated because it is believed to be a precursor of taurine. 
Schmidt and Clark (6) in feeding cysteic acid to dogs found evi- 
dence that it was deaminated but not further attacked. The 
evidence presented here indicates that cysteic acid can be formed 
from cysteine, but under the conditions of our experiments, de- 
amination does not occur. Positive identification of the cysteic 
acid is*' difficult because of the lack of characteristic reactions for 
sulfonic acids. The oxygen uptake, however, corresponds exactly 
and a compound is formed which is a strong acid and which is 
not readily reduced to give a positive nitroprusside reaction. 
Since titanium is found in the livers of all animals, it is possible 
that it may play a r61e in regulating the oxidation of certain 
— SH compounds to sulfonic acids. 

SUMMAKY 

1. 6 micrograms of titanium as sodium pertitanate inhibit 
the oxygen uptake of rat tissue suspensions. The liver is in- 
hibited most, the kidney next, and the brain least. 
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2. If cysteine is mixed with washed liver protein at pH 6.7 
in the correct proportions, 3 atoms of oxygen are taken up per 
molecule of cysteine, corresponding to the formation of cysteic 
acid. 

3. This oxidation is catalyzed by a thermolabile catalyst and 
is inhibited completely by the sodium pertitanate. The latter 
has no inhibiting effect on the oxidation of cysteine to cystine, 
which occurs without addition of tissue. 

4. Thioglycolic acid is oxidized by the same protein with the 
uptake of 3 atoms of oxygen per molecule and this oxidation is 
also inhibited by sodium pertitanate. 

5. The nitroprusside test is negative at the end of the oxidation 
of both substances but is still as positive when sodium pertitanate 
is present as in the controls without liver protein. 

6. Glutatliione is not oxidized in this way by the liver protein . 
It is oxidized to the disulfide and this is not inhibited by the 
pertitanate. Ethyl mercaptan is oxidized slowly by the liver 
protein and the pertitanate inhibits the reaction. 
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SOLUBILITY OF BONE SALT 
IV. SOLUBILITY OF BONE IN BIOLOGICAL FLUIDS 

By MILAN A. LOGAN and LEWIS W. KANE 

(From the Department of Biological Chemistry^ Harvard Medical School^ 
and the Forsyth Dental Infirmary ^ Boston) 

(Received for publication, November 16, 1938) 

When bone or similar artificially prepared salts are equilibrated 
with inorganic solutions, the value for p[Ca“^]^ X [P 04 “]® ob- 
tained at equilibrium increases as the amount of solid is increased 
(1).^ The value for p[Ca'‘^]*[P 04 “]^ obtained with a minimum 
amount of solid amounted to 23.1 dtz 0.3. This corresponds 
essentially to that calculated for normal blood plasma from the 
[Ca*^^] (as determined by means of the frog heart), the inorganic 
phosphate concentration, and the pH (2). 

Because this value (p 23.1 db 0.3) represents the concentration 
of calcium and phosphate at which precipitation can be initiated 
from salt solutions, it was considered advisable to determine 
whether this was also true for biological solutions. The results 
could be expected to show by direct experiment whether the bone 
salt could be formed spontaneously in biological fluids. This 
paper deals with the results of experiments on the equilibration 
of bone with blood plasma and ascitic fluid. They confirm the 
results obtained on pure solutions and indicate that the blood 
plasma is not supersaturated in respect to the first solid formed 
upon the precipitation of the bone salt. 

Secondarily, the equilibration of blood plasma with large 
amounts of bone powder might be expected to indicate more 
clearly the actual conditions necessary for the solution of the 
bone salt. This is so for the following reasons. The conditions 

1 Ions enclosed in brackets refer to moles per liter of solution. The 
term p[Ca*'^l*[P 04 "]* represents the common logarithm of the reciprocal 
of the ion product [Ca^J* X [POi"]*. Therefore, decreases in (Ca^lj^X 
[PO4'*]* are represented logarithmically by increases in plCa^J^IPOi""]*. 

706 



706 


Solubility of Bone Salt. IV 


necessary for the solution of the solid are not adequately defined 
by the expression [Ca*^]* X [POi®]^. The expression serves 
only as a convenient means of comparison with previous work 
in which it was considered valid. In order that a better expres- 
sion may be evolved, accumulation of data concerning the com- 
position of fluids in equilibrium with large amounts of solids of 
differing compositions appears desirable. It is difficult to prepare 
artificial precipitates with carbonate contents as high as that in 
bone under conditions which preclude the probability that 
calcium carbonate will be precipitated as such. For the same 
reason, equilibration with inorganic solutions having the same 
ionic concentration as blood plasma is open to objection. There- 
fore, apart from the possible biological significance of the results, 
equilibration of bone with blood plasma affords conditions which 
are otherwise difficult to reproduce artificially. 

The results show that p[Ca^]® X [P 04 "]^ increased as the 
amount of bone or glycerol ash of bone^ increased. With artificial 
precipitates, the maximum value for piCa"*^]* X [P 04 "]^ was 
apparently reached at about 150 mg. of solid per liter. With 
bone, the value continued to increase gradually when the amount 
was increased to such an extent (more than 10 gm. per liter) 
that the organic matter of the bone introduced a disturbing 
factor. The equilibrations with the glycerol ash of bone are 
free from this objection and the concentrations of the ions in 
equilibrium with the largest amounts probably most closely 
approach the concentrations at which bone dissolves. 

EXPERIMENTAL. 

To 3 liter quantities of sterile horse serum was added 0.1 per 
cent of thymol and the solution was incubated at 37® until the 
inorganic phosphate had increased to a maximum constant value. 
The pH of the serum was adjusted to its original value with 
sterile NaOH during the course of the incubation. It was found 

* Glycerol ash of bone is bone powder from which the organic matter 
has been removed by heating with glycerol and KOH. The residue is 
subsequently washed free of glycerol and KOH with water. The process 
has been claimed (3) to leave the inorganic portion unchanged. In our 
hands, comparison of the ratio of phosphate to carbon dioxide in the fresh 
bone and residue indicated a loss of 5 to 10 per cent of the carbon dioxide. 
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that the pH and inorganic phosphate of the serum would remain 
essentially constant during the subsequent equilibration if the 
incubation was continued for 2 to 3 weeks.* NajHPOi was added 
in two of the experiments (Tables I and II) to decrease the 
p[Ca^]’[P 04 "]* of the serum below 23.5. Human blood serum 
and ascitic fluid were similarly prepared. Sterile flasks of 200 
to 300 cc. capacity were filled with the serum. To these flasks 
were added the amounts of bone powder or glycerol ash recorded 
on Fig. 1 and in Tables I and II. The solutions were stoppered 
and rotated at 37® for 5 days. Any flbsks showing evidence of 
bacterial contamination were discarded. Samples of the serum 



dm.SolUi AllA.ei per Liter of Solution 

Fig. 1. Ion product in horse seruiA. O and X represent bone from beef ; 
0 , bone from old horse ; A, glycerol ash of bone from old horse. The points 
plotted after the break in the chart give the ion products when the amount 
of saturating body was large. The figures accompanying the points desig- 
nate the gm. of solid per liter of solution. 

were centrifuged under oil at 3400 r.p.m. for 6 minutes and deter- 
minations of total CO 2 , Ca, and inorganic phosphate content 
were made without delay. 

The bone powder was cut from bone cortex by means of a 
motor-driven, steel milling head. That portion which passed 
a 100 mesh sieve was washed with water/ alcohol, and ether, 

• The Folin-Wu blood sugar reducing value essentially disappears from 
horse serum during this time . Fart of the phospholipid settles out together 
with a small amount of protein. 

^ Fetal bone was successively suspended in water and squeezed in a press 
several times to remove, as far as possible, soluble protein material. 


708 


Solubility of Bone Salt. IV 


Table I 

p[Ca'’'‘*‘]*[P 04 “]* Found hy Equilibrating Fetal and Adult Beef Bone 
and the Glycerol Ash of Each in Horse Blood Serum 
Composition of the blood serum after equilibration for 5 days. Total 
protein 6.48 per cent. 


Solid added 

Total Ca 

Inorganio P 

pH 

COa 

p[C»«l»{P04“l« 


mg. per 1. 

mM per 1. 

mM per 1. 


mM perl. 



0 

2.10 

1.69 

7.39 

17.1 

23.42 

F. 

1 

2.26 

1.70 i 

7.38 

17.2 

23.36 

A. 

1 

2.0 

1.68 

7.38 

17.4 

23.60 


183 

1.61 

1.47 

7.36 

17.1 

23.95 

it 

710 

1.66 

1.32 

6.76 

17.2 

26.54 

A. 

710 

1.15 

1.08 j 

7.29 

16.6 

24.83 

F. 

2,220 

1.56 

1.20 

6.78 

16.8 

26.69 

A. 

2,220 

0.80 

0.84 

7.27 

16.7 

25.59 

F. 

11,100 

1.41 

1.18 

6.74 

16.0 

25.92 

A. 

11,100 

0.70 

0.84 

7.24 

15.9 

25.84 

Ga. of F. 

5,660 

0.60 

0.56 

6.76 

16.0 

27.66 

** “ A. 

5,550 

0.5 

0.68 

6.74 

16.4 I 

26.88 

F. 

52,000 

2.55 

1.15 

6.65 

15.0 

26.31 


F, == fetal bone. A. = adult bone. Ga. « glycerol ash. 


Table II 

p[Co^'^]*[P 04 "]* Found hy Equilibrating Human Bone and Its Glycerol 
Ash in Human Ascitic Fluid 


Composition of ascitic fluid after equilibration for 5 days. Total pro- 
tein « 0.61 per cent. 


Solid added 

Total Ca 

Inorganic P 

pH 

COa 

p[Ca++13IP04“)> 


mg. per 1. 

0 

mM per 1. 

1.15 

mM per 1. 

1.84 

7.38 

mM per 1. 

19.8 

23.28 

A. 

1 

1.21 

1.82 

7.42 

19.8 

23.19 

Ga. of A. 

1 

1.02 

1.84 

7.42 

19.9 

23.42 

A. 

150 

0.78 

1.61 

7.35 

! 19.8 

24.07 

Ga. of A. 

83 

0.95 

1.70 

7.38 

19.6 

23.69 

A. 

660 

0.46 

1.37 

7.28 

19.8 

26.02 

tt 

2,000 

0.32 

1.13 

7.27 

19.6 

26.67 

Ga. of A. 

1,000 

0.57 

1.24 

7.27 

19.9 

24.92 

A. 

7,500 

0.32 

0.86 

7.22 

19.6 

26.02 

tt 

22,000 

0.65 

0.77 

7.02 

19.1 

26.67 

Ga. of A, 

13,300 

0.36 

0.85 

7.27 

18.3 

25.92 

A. 

44,000 

0.79 

0.74 

7.14 

18.1 

26.11 


A. = adult bone. Ga. « glycerol ash. 
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and dried at 100®. Glycerol ash of bone was prepared according 
to the procedure of Gabriel (3). 

Calcium was determined by the method of Fiske and Logan 
(4), phosphate by the Fiske and Subbarow procedure (6), and 
COj by the manometric Van Slyke and Neill procedure (6). 
[Ca”^] of blood plasma and ascitic fluid was calculated from the 
total Ca and the protein content as described by McLean and 
Hastings (7). Calculation of the p[Ca'^]*[P 04 “]^ was carried 
out as previously described (1). 

Remits 

The results of three equilibrations are shown on Fig. 1, and 
of two others in Tables I and II. 

The increase in p[Ca‘^+]* X [PO 4 "]* was less with a given in- 
crease in old bone as compared to young bone, but the difference 
is not great, and may not be due entirely to variations in the 
composition of the inorganic portion of the solid phase. For 
instance, the crystals in the bone particles are embedded in solid 
protein. That portion lying in the freshly cut surfaces of the 
particles can undoubtedly come in contact with the solution. 
It has not been determined whether or not compact old bone and 
less densely calcified young bone may differ in respect to the 
proportion of the remaining crystals that can be considered as 
being in contact with the solution. 

During equilibration, part of the organic portion of the bone 
goes into colloidal solution and may materially influence the 
results. After equilibration with 50 gm. of fetal bone per liter, 
the effect is obvious because the total calcium concentration of 
the equilibrated serum was higher than that of the original serum 
(Tables I and II). The differences between the maximum value 
of p[Ca'^]* X [PO 4 ®’]® found by us and others on bone (2) (p 

25.5 to 26.0) and that found for artificial precipitates (1) (p 

26.5 to 27.5) are probably, at least in part, caused by the inter- 
ference of organic material of the bone. It should be noted that 
the maximum values obtained for the ion product of the glycerol 
ash (Table I) (p 26.88, 27.66) are similar to those found for 
artificial precipitates. 
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SUMMARY 

The calcium and inorganic phosphate concentrations of blood 
serum or ascitic fluid are not decreased in detectable amoimts 
in contact with a small amount of bone (1 mg. per liter). As the 
amount of solid is increased, the concentrations of these con- 
stituents are decreased. 
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THE EARLY EFFECTS OF PARATHYROID HORMONE 
ON THE BLOOD AND URINE 

Bt MILAN A. LOGAN 

With the Technical Assistance of Patricia O'Connor 

(From the Department of Biological Chemistry ^ Harvard Medical School i 
and the Forsyth Denial Infirmary^ Boston) 

(Received for publication, December 17, 1938) 

Following the administration of the parathyroid hormone to 
young dogs, the urinary phosphate excretion increases, the blood 
inorganic phosphate usually decreases, and the plasma calcium 
increases (1-5). The increase of phosphate excretion in the 
urine occurs in advance of the maximum blood calcium increase. 
These experimental findings have been interpreted to indicate 
that the solution of bone is caused by depletion of blood and 
tissue inorganic phosphate resulting from increased excretion by 
the kidneys. 

Histological changes in the bone have been observed very soon 
after administration of the hormone, indicating that stimula- 
tion of cellular activity in the tissue itself caused solution of the 
bone (6). 

Previous experiments which included determinations of the 
blood levels of calcium and inorganic phosphate and also the 
urinary excretion of these substances have been carried out for 
1 (1, 2) and 3 day periods (3-5, 7, 8). The results have clearly 
shown the influence of the hormone on calcium metabolism during 
extended experimental periods but the intimate details of the 
immediate changes have not been so well established. The effects 
of the hormone on the blood concentration of calcium and phos- 
phate have been observed for shorter periods of time (9). 

The hormone has also been administered to nephrectomized 
dogs (10). The results indicate that large doses produce no 
greater increase of blood calcium than that observed as a result 
of nephrectomy alone. The phosphate retention resulting from 
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nephrectomy increased the blood inorganic phosphate 80 per 
cent in 2 to 6 hours. (This increase of blood phosphate is greater 
than we have observed in the terminal stages resulting from the 
administration of fatal doses of the hormone.) As a result of 
the rapid accumulation of phosphate in the blood and tissues 
following nephrectomy, the solution of bone would be difficult 
to demonstrate. The results, therefore, would not appear to be 
conclusive evidence in support of the thesis that the action of the 
hormone is exclusively on the kidney. 

The experiments reported here were designed to answer the 
following questions: (1) are the changes resulting from admin- 
istration of the hormone entirely due to the increased excretion 
of phosphate by the kidneys, or (2) do the chemical changes 
indicate that the hormone also stimulates active solution of bone 
by the bone cells? 

For that purpose, the urinary excretion and blood levels of 
calcium, magnesium, and phosphate were compared and the 
excretion of bases, chloride, and nitrogenous substances was 
examined at 1 hour intervals for 4 hours after administration of 
single, fairly large doses of parathyroid hormone to fasting young 
dogs. (Subsequent observations were made at longer intervals 
of time.) The time interval chosen is much shorter than has 
been previously employed and is near the shortest at which a 
definite response in both blood and urine can be observed. 

The results indicate that the solution of the bone occurs almost 
immediately, because a definite rise of blood calcium occurs 
during the Ist hour. Increased excretion of phosphate by the 
kidneys is evident during the 1st hour in four of the experiments, 
and was accompanied by a decrease in the plasma inorganic phos- 
phate. The increase of phosphate excretion in the 1st hour was, 
however, not more than twice the hourly fluctuation observed 
in normal fasting animals. That active solution of bone is also 
stimulated seems likely from the fact that the rise of blood cal- 
cium during the 1st hour was twice as great when the plasma 
phosphate decreased very little or not at all. This interpretation 
likewise appears to be favored by the reaction observed after 
12 to 24 hours. At this time, the plasma inorganic phosphate is 
increased owing to retention by the kidneys, yet the blood calcium 
continues to remain above the normal level. 
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EXPERIMENTAL 

Five young dogs were fasted 3 to 5 days. To each of three of 
them, the amount of parath 3 Toid hormone shown on Figs. 1 
to 3 was administered subcutaneously. To each of the other 
two, a similar dose was administered intravenously (Figs. 4 to 
6). The dogs were catheterized each hour. The bladder was 
washed out with distilled water. The phosphate was determined 
in the washings and in the undiluted urine. The hourly volume 



Fig. 1. Calcium and inorganic phosphate concentration of the blood and 
excretion in the urine following subcutaneous administration (indicated 
by the arrow) of 6.6 units (u.s.p. XI) of parathyroid hormone. 

of urine was calculated from the volume of undiluted urine 
obtained and the amount of phosphate in the washings. The 
dogs were allowed to rest in a metabolism cage following each 
catheterization. 

Total nitrogen was determined by the Kjeldahl procedure (11), 
inorganic phosphate by the method of Fiske and Subbarow (12), 
and calcium by procedures previously described (13). Total 
base was determined by the procedure of Fiske (14). 
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ResuUs 

The results of the experiments are shown in Figs. 1 to 5. Before 
administration of the parathyroid hormone, the urinary phosphate 
excretion of the fasting young dogs was not constant from hour 
to hour. Analyses of specimens from the same animal on suc- 



Fig. 2. Calcium and inorganic phosphate concentration of the blood and 
excretion in the urine following subcutaneous administration (indicated 
by the arrow) of 6.7 units of parathyroid hormone. 

cessive days indicated that it was not possible to predict at what 
time the phosphate excretion would be increasing or decreasing. 
Consequently, the parathyroid hormone was administered to 
different dogs when the excretion was falling and when it was 
rising. 

In the 1st hour after the subcutaneous administration of the 
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honnons, the phosphate of the urine of the three dogs (Figs. 
1 to 3) increased 2.3, 2.6, and 1.1 milliequivalents as compared 
with the previous hour. The inorganic phosphate of the plasma 



Fio. 3. Calcium and inorganic phosphate concentration of the blood and 
excretion in the urine following subcutaneous administration (indicated 
by the arrow) of 34.0 units of parathyroid hormone. 

dropped in this time 0.17, 0.3, and 0.7 milliequivalent per liter 
respectively. In the 1st hour after the intravenous administra- 
tion of a large amount of the hormone (34 units^ per kilo, Fig. 5), 

* The unit is defined by the United States Pharmacopoeia XI. 
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similar changes occurred. With a smaller dose intravenously 
(8.3 units^ per kilo, Fig. 4), increase of phosphate excretion and 
decrease of plasma inorganic phosphate did not occur until the 
2nd hour. 

The plasma calcium increased 0.3 milliequivalent per liter or 
more in all experiments during the 1st hour. Dog 4, in which 
no decrease of plasma phosphate occurred during the 1st hour, 
and Dog 1, in which the decrease was slight (0.17 milliequivalent 
per liter), showed the largest increase of plasma calcium (0.6 



Fm. 4. Calcium and inorganic phosphate concentration of the blood and 
excretion in the urine following intravenous administration (indicated 
by the arrow) of 8.3 units of parathyroid hormone. 

Fig. 5. Calcium and inorganic phosphate concentration of the blood and 
excretion in the urine following intravenous administration (indicated 
by the arrow) of 34.0 units of parathyroid hormone. 

and 1 milliequivalent respectively). Urine calcium increased 
during the 1st hour in two experiments. Definite increases 
occurred later in all experiments. 

The changes observed in the 2nd to the 4th hour indicated 
an extension of the changes observed in the Ist hour; namely, 
the phosphate and calcium excretion continued to increase, the 
plasma phosphate now decreased in all experiments, and the 
plasma calcium continued to increase. The increase of plasma 

nhosnhate. which occurred 18 t,n 24 hours nffer ndTninisfrnfioo 


Ttio»hdlis eixcrefion 
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of the hormone, is apparently due to retention by the kidneys, 
because, at that time, the excretion of nitrogen was decreased. 
In the case of Dog 3, the nitrogen excretion after 18 hours de- 
creased to less than 10 per cent of the level which prevailed before 
the administration. 

Relation of Phosphate to Nitrogen Excretion — It appears evident 
that the increased excretion of phosphate in the urine was not 
accompanied by an increase of nitrogen excretion such as occurs 
with increased catabolism of soft tissues. In Table I are given 
the 24 hour urinary excretions of phosphate and nitrogen by 
Dog 2. The^e results coincide with similar observations pre- 
viously made during 3 day metabolism periods (5). 


Table I 

Nitrogen and Phosphate Excretion after Parathyroid 
Hormone Ad^ninisiration 


Day of fast 

Urine total N 

Inorganic P 

BAtioN:P 


mg. 

mg. 


3rd 

4820 

374 

12.9 

4th 

4584 

492 

9.3 

5th* 

4399 

1080 

4.1 

6th 

2212 

255 

8.6 

7th 

5250 

438 

12.0 


* 6.7 units of parathyroid hormone per kilo were administered subcu- 
taneously at the beginning of the 5th day of the fast. 


The result/S of comparison of the N:P ratio of the urine for 
shorter periods are of less certain value. This is because the 
normal hourly phosphate excretion is variable, and because re- 
tention of nitrogen evidently occurred after 12 to 24 hours. 
Dog 3, which received the largest dose of hormone subcutaneously 
(34 units per kilo), showed no increase of urinary N excretion 
for 5 hours after administration, during which time the phosphate 
excretion had increased from 2.3 to 6.4 milliequivalents per hour. 
During the next 16 hours, the average nitrogen excretion was 
slightly lower, while the average phosphate excretion had in- 
creased to 9.8 milliequivalents per hour. Analysis of the urine 
for the succeeding hours indicated a retention of both nitrogen 
and phosphate. The nitrogen excretion of Dog 1 increased for 
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5 hours after administration of the hormone and then decreased 
to about half the level of the first period, while the phosphate 
excretion continued for 19 hours at a level well above the average 
hourly excretion expected from a dog of its size. 

Results Not Given in Detail — Excretion of creatine and creati- 
nine, magnesium, and ammonia, and the pH were determined but 
are not given in detail because they showed no unexpected 
changes. It was considered possible that increased phosphate 
excretion might involve creatine or creatinine. The hourly 
excretions of creatine and creatinine, as well as the hourly volumes 
of urine, were essentially constant until nitrogen excretion be- 
came markedly decreased. Following the administration of the 
parathyroid hormone, excretion of magnesium in the urine in- 
creased (Dogs 1, 2, and 3) as did also ammonia excretion (Dog 
3). The pH of the urine dropped from 6.8 to 5.8 (Dog 3). Until 
marked decrease of nitrogen excretion occurred, these changes 
approximately paralleled the total base increase. The changes 
are such as would be expected to accompany the increased anion 
(phosphate) excretion. The increase in volume of the urine, 
together with the increase of base and chloride excretion and the 
decrease in nitrogen excretion which eventually occurred after 
a large dose of the hormone, is apparently due to kidney damage. 

SUMMARY 

The urinary phosphate excretion increases and the plasma 
inorganic phosphate usually decreases during the 1st hour after 
the administration of the parathyroid hormone. The results are 
interpreted to indicate that active excretion of phosphate by the 
kidney is one of the first effects of excess of the hormone. Be- 
cause the blood calcium increased in the same time, whether or 
not the phosphate decreased, it is reasonable to suppose that active 
solution of bone also took place in the Ist hour. 
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THE INFLUENCE OF COCAINE FEEDING ON THE 
LIVER LIPIDS OF THE WHITE MOUSE* 

By P. L. MacLACHLAN and HAROLD CARPENTER HODGE 

(From the Department of Biochemisiryf School of Medicine^ Weet Virginia 
University f Morgantownj and the Department of Biochemistry and 
Pharmacology^ School of Medicine and Dentistry^ The 
University of Rochester^ Rochester , New York) 

(Received for publication, September 9, 1938) 

The prominent r61c attributed to the liver in fat metabolism 
has led to the study of many substances which produce fatty 
infiltration in this organ (see Best and associates (1)). Ehrlich 
(2) described an extensive fatty change in the livers of cocaine-fed 
mice. An experiment was devised to determine the amount and 
nature of these lipid changes. 

Methods 

Three groups of albino mice were placed on low, medium, and 
high daily dosages of cocaine hydrochloride solution administered 
per os by means of a blunt needle and a tuberculin syringe. The 
doses beginning at 0.2, 0.4, and 0.6 mg. in 0.02 cc. per day were 
gradually increased to 1,2, 2.4, and 4.8 mg., respectively, at the 
end of 60 days. The total doses given were approximately 20 mg., 
40 mg., and 70 mg., respectively. The final body weights ranged 
from 110 to 140 gm. 

The mice were killed by a blow on the head and the livers 
removed immediately. A small portion of each liver was re- 
served for fat staining by the usual method (Sudan IV). 

The size of the livers (ca. 1 gm.) did not permit a direct deter- 
mination of moisture content. Therefore, the samples to be 
analyzed were ground with a known weight of sand, according to 
the technique of Bloor (3), and extracted three times with hot 
alcohol-ether (3:1). The moisture content was calculated from 

* This work was supported in part by a grant from the Carnegie Cor- 
poration of New York. 
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the weights of the dry, fat-free residue (minus sand) plus the 
total lipid. The lipid analyses were made by standard pro- 
cedures (4, 6). 

Results 

Histological — The vacuolar degeneration after cocaine feeding 
described by Ehrlich (2) and others (6) was observed in every liver. 
A variable increase in cell size (up to 2 or 3 times normal) was 
noted in the livers of all treated animals. The fatty infiltration 
(estimated histologically) was inconstant and apparently due to 
individual susceptibility and not to the size of the dose. For 
example, of the seven mice receiving the medium dosage, three 
showed ^^slight,” one showed ^'moderate, and three showed 
‘^extensive” fatty change. Since more than half of the cocaine-fed 
animals showed a fatty change, the presence of fat hardly seemed 
accidental (which was Ehrlich’s finding). 

Chemical — Only a minority of the mice showed large changes in 
their liver lipids; these data are emphasized in Table I by bold- 
faced type. These animals were grouped and described as show- 
ing extensive liver damage in Tabic II. 

Mg, of Liver per Gm. of Mouse — The treated animals averaged 
2l to 24 per cent larger livers than the normals (Table II) . 
Therefore, the enlargement, first noted by Ehrlich, is probably an 
indication of a general toxic reaction. 

Phospholipid — The average phospholipid values, in contrast 
to those of the other lipids, showed a striking constancy, the value 
for the group showing extensive fatty change being substantially 
the same as that for the controls; viz.y 12.6 and 12.4 gm. per 100 
gm.,^ respectively. The constancy of the phospholipid content 
does not support the idea of Theis (7) that in liver injury phos- 
pholipid is diminished because of a failure to convert neutral 
fat to phospholipid. The constancy fits in with the observations 
of Terroine (8) and Terroine and Belin (9) who relate the Sl^ment 
constant to the phospholipid content (compare (10-13)). 

' Since certain samples showed an enormous infiltration of neutral fat 
and cholesterol, in contrast to a marked constancy in the phospholipid 
content, it was considered advisable to calculate the data, with the excep- 
tion of the moisture content, on the basis of the fat-free, dry weight. The 
values, expressed as gm. per 100 gm., therefore, refer to the gm. of lipid 
per 100 gm. of fat-free, dry tissue. 
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Tablb I 

Data on Cocaine-Fed White Mice 



Mouse 

No.* * * § 

Mouse 

weight 

Liver 

weight 

per gm. 
mouse 

Livert 

Mois- 

ture 

Neutral 

fat 

Phoe- 

pho- 

lipid 

Choles- 

terol 

Total 

Upid 




gm. 

gm. 


percent 

gm. per 
too gm. 

gm. per 
too gm. 

gm. per 
lOOgm. 

gm. per 
too gm. 

Controls 

4 

N. 

19.63 

1.280 

65.2 

77.9 

4.3 

12.2 

2.32 

18.8 


5 

** • 

27.14 

1.475 

54.3 

76.1 

4.7 

12.1 

1.71 

18.5 


8 

it 

17.50 

0.846 

48.3 

75.3 

4.8 

14.1 

2.09 

21.0 


11 

it 

19.07 

1.108 

58.1 

73.8 

4.4 

11.4 

1.76 

17.6 


16 

“ t 

25.32 

1.420 

75.4 

76.6 

1.8 

12.6 

2.00 

16.4 


20 

it 

25.82 

L293 

50.1 

74.3 

3.1 

13.1 

1.79 

18.0 


c, 

it 

21.20 

1.500 

70.8 

75.8 

3.6 

11.6 

1.84 

17.0 


c, 

it 

19.80 

1.300 

65.7 

73.7 

5.5 

11.7 

2.07 

19.3 

Low dosage 

9 

E. 

18.43 

1.209 

65.6 

76.9 

26 . 6 $ 

13.3 

6.20 

46.1 


12 

S. 

17.17 

1.232 

71.8 

74.4 

4.1 

11.3 

1.85 

17.3 


14 

M. 

22.92 

1.506 

65.7 

76.3 

5.5 

14.3 

2.40 

22.2 


17 

it 

18.02 

1.454 

80.8 

77.1 

7.7 

10.9 

3.13 

21.7 


21 

S. ' 

22.47 

1.438 

64.0 

75.7 

4.1 

13.6 

2.35 

20.1 

Medium 

1 

E. 

14.60 

0.717 

49.1 

69.2 

81 .0 

10.4 

3.88 

96.3 

dosage 

2 

S. 

23,00 

1.612 

70.1 

76.5 

3.6 

10.9 

1.82 

16.3 


6 

E. 

22.51 

1.546 

68.7 

80.6 

12 .1 

14.9 

6.08 

32.1 


15 

M. 

19.84 

1.354 

68.2 

76.7 

5.1 

11.7 

2.15 

19.0 


18 

S. 

23.06 

1,654 

71.7 

77.1 

4.9 

15.0 

2.08 

22.0 


22 

E. 

24.48* 

2.754 

112.5 

74.1 

83.6 

12.2 

6.67 

102.4 


23 

S. 

21.42i 

1.507 

70.4 

75.6 

4.3 

13.0 

2.47 

19.8 

High dosage 

3 

E. ! 

13.10 

0.772 

58.9 

77.6 

17.6 

11.8 

3.76 

83.1 


7 

it 

17.68i 

1.080 

61.1 

80.7 

8.8 

11.9 I 

4.60 

24.7 


10 

a 

20.18 

1.836 

91.0 

78.9 

16.7 

13.7 

4.76 

36.2 


13 

s. 

15.71 

1.066 

67.9 

75.5 

4.4 

11.8 

1.85 

18.1 


19 

it 

18,63 

1.454 

78.0 

75.8 

5.3 

12.2 

2.64 

20.1 


24 

M. 

21,20 

1.426 

67.3 

74.8 

4.1 

13.3 

2.58 

20.0 


* E. -• extensive damage; M. — moderate damage; S. — slight damage; 
N. « normal. 

t Since certain samples contain an unusually large amount of fatty 
material, the data, with the e;|ception of the moisture content, are calcu- 
lated on the basis of the fat-free, dry weight of the tissue, and are expressed 
as gm. of lipid per 100 gm. of fat-free tissue. Such values may exceed 100. 

t Pregnant. 

§ The results of animals showing extensive damage are given in bold- 
faced type. 
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Neutral Fat arid ChoUeterol — ^The neutral fat and cholesterol 
fractions increased greatly with increasing degree of liver injury. 
However, in extensive injury the increase of neutral fat (778 per 
cent) far exceeded that of cholesterol (148 per cent). The results 
indicate an extensive mobilization of both these lipids from the 
depots, as well as the possibility of a decrease in their metabolism 
by the liver. The decrease in the phospholipid to cholesterol 
ratio (Table II) accompanying increased liver damage (and hence 
probably decreased liver function) is of interest in view of the find- 
ings of Bloor (14) that the phospholipid to cholesterol ratio of 
muscles decreases with decreasing activity. The concurrent de- 
crease in the ratio of phospholipid to neutral fat (Table II) is 
of especial interest, since it clearly shows that a reversal of the 
ratio (from normal) may result from a change in the neutral fat 
content only. 

Total Lipid — The changes in the total lipid paralleled those of 
the neutral fat (15). The extraordinary degree of fatty infiltra- 
tion which may occur was illustrated best in the data for Mice 1 
and 22, for which the total lipid values were 95.3 and 102.4 gm. 
per 100 gm., respectively. 


SUMMARY 

1. Examination of the livers of mice fed various dosage levels 
of cocaine showed (a) a vacuolar degeneration in every case and 
(5) an extensive fatty infiltration in nearly half the cases. 

2. Neutral fat and cholesterol increased greatly with the in- 
creasing degree of liver injury. In contrast, the phospholipid 
values showed a striking constancy. 

3. The constant proportion of phospholipid to non-lipid con- 
stituents, despite an enormous infiltration of neutral fat and cho- 
lesterol, emphasizes the importance of this substance as a true 
cellular constituent. 
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A FURTHER CORTRIBDTION ON THE RELATIONSHIP 
OF THE STRUCTURE OF i-CARNOSINE TO ITS 
DEPRESSOR ACTIVITY 

By MADISON HUNT and VINCENT du VIGNEAUD 

(From the Deparlment of Biochemistry, School of Medicine, 

George Washington University, Washington) 

(Received for publication, December 17, 1938) 

The finding that the a-alanyl peptides of Z-histidine in contrast 
to camosine, the /3-alanyl peptide, possessed no appreciable de- 
pressor activity has demonstrated the importance of the position 
of the amino group in the alanyl moiety of camosine for produc- 
tion of its pharmacodynamic effect (1). Furthermore, the lack 
of appreciable effect of the next higher and lower homologues of 
camosine, 7 -aminobutyryl-Z-histidine and glycyl-Z-histidine (2), 
on the blood pressure emphasized that the important factor with 
respect to the amino group is its presence in the position rather 
than its attachment to the terminal carbon atom of the acyl 
radical of camosine. 

In order to ascertain whether other /S-aminoacyl peptides of 
Z-histidine possessed a camosine-like action we have now prepared 
the peptides of the optical isomers of /3-aInino-r^-butyric acid and 
/5-aminoisobutyric acid with Z-histidine. The Z-/3-amino-n-butyryl- 
Z-histidine and its diastereoisomer were chosen because they would 
enable us to test whether the )3-ainino group must be attached to a 
primary carbon atom. Furthermore, we felt we could conclude 
that other straight chain /3-aminoacyl derivatives of histidine 
would very likely be ineffective if both of these peptides should 
prove inactive with regard to depressor effect. On the other hand 
the Z-jS-aminoisobutyryl-Z-histidine and its diastereoisomer were 
of much interest, since they still retained the amino group to 
the peptide bond and attached to a primary carbon atom as in 
camosine, but have 1 of the hydrogens on the o-carbon atom re- 
placed by a methyl group. Testing these peptides would enable 
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us to determine whether the presence of 2 hydrogens on the 
a-carbon atom in carnosine is requisite for its depressor action. 
The following formulas show the structural relation of these 
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For the synthesis of d-j^-amino-n-butyryl-Hiistidine and 
i-jS-amino-n-butyryl-Z-histidine, di-jS-amino-n-butyric acid was 
prepared by amination of crotonic acid according to the directions 
of Fischer and Scheibler (3). The highly insoluble carbobenzoxy 
derivative was employed for the isolation of the amino acid from 
the reaction mixture and was used directly for resolution. This 
was accomplished by use of both d- and I-a-phenylethylamine, as 


peptides to carnosine. 
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described by IngersoU for the resolution of various other com- 
pounds (4). This method was considerably more convenient 
and gave much greater yields than the method previously re- 
ported by Fischer and Scheibler in which the methyl ester was 
resolved with c?-camphorsulfonic acid. The optically active 
peptides were prepared through the acid chlorides by procedures 
quite analogous to those employed for the synthesis of glycyl- 
Z-histidine (2), although the add chlorides proved to be more 
stable than the corresponding glycyl derivative. Both of the 
free peptides were isolated in crystalline form. 

For the /3-aminoisobutyryl peptides, dZ-/3-aminoisobut3rric acid 
was prepared from a-bromopropionic acid. The latter was 
converted to a-cyanopropionic acid by treatment with NaCN 
and the resulting nitrile was reduced to give dZ-jS-aminoisobutyric 
acid. Again the carbobenzoxy derivative proved very useful 
for isolation of the amino acid from the reaction mixture. Reso- 
lution was accomplished by means of d- and Z-a-phenylethylamine. 
The peptides which were obtained in the free form in crystalline 
condition were prepared by the same general lines of synthesis 
employed for the d( — )-alanyl-Z( — )-histidine. 

Blood pressure experiments with these peptides were carried 
out on cats under amytal anesthesia. In 20 times the dose of 
Z-carnosine there was no appreciable effect observed from the 
injection of the peptides in question. 

From the results of the present investigation and those pre- 
viously reported by us, the following facts concerning the rela- 
tion of structure to the depressor activity of camosine have been 
established. 

The compound must possess the correct spatial configuration, 
since d-carnosine in contrast to Z-camosine is inactive (5). The 
amino group of the acyl moiety of camosine must be in the /3 
position. This was evidenced by the fact that both d-a-alanyl- 
Z-histidine and Z-a-alanyl-Z-histidine possessed no depressor action 
whatever. Furthermore, the amino group must be attached to a 
primary carbon atom and the hydrogen atoms attached to the 
a-carbon atom of the acyl moiety cannot be substituted by an 
alkyl group. These last two points have been demonstrated 
in the present report by the study of the i3-amino-n-butyryl and 
the i8-aminoisobutyryl derivatives of Z-histidine. 
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EXPERIMENTAL 

Preparation of Carbobenzoxy-dUff-Amino-nrBiUyrtc Acid — 
Amino-n-butyric acid was prepared according to the directions 
of Fischer and Scheibler (3) by the addition of ammonia to 
crotonic acid. After the ammonia had been removed from the 
reaction mixture, the solution was made just acid to Congo red 
with HCl and decolorized with norit. The nearly colorless 
solution was then made alkaline to phenolphthalein with NaOH 
and converted into the readily crystallizable carbobenzoxy deriva- 
tive in the usual manner. The compound melted at 126®.^ 
The recrystallized, air-dried material gave the following analytical 
values. 


Ci,Hi*N 04 . Calculated, N 5.90; found, N 6.74 

Resolution of Carbobenzoxy-dl-P-Amino-n-Butyric Add — 47.4 
gm. of carbobenzoxy-dZ-/3-amino-n-butyTic acid were dissolved 
in 600 cc. of hot ethyl acetate and 24.2 gm. of Z-a-phenylethyl- 
amine were added. The solution was cooled for 24 hours with 
occasional stirring. The salt which crystallized from solution 
was removed by filtration and washed with cold ethyl acetate. 
It melted at 100®. Three recrystallizations from ethyl acetate 
raised the melting point to 114®. The yield of the Z-a-phenyl- 
ethylamine salt of carbobenzoxy-d-jS-amino-n-butyric acid was 
18 gm. The compound had the following analytical values. 

C 2 oH* 8 N 204 . Calculated, N 7.82; found, N 7.69 

10 gm. of the salt were dissolved in 76 cc. of water and the 
solution was made acid to Congo red by the addition of HCl. 
The easily crystallized carbobenzoxy-d-/3-amino-n-butyric acid 
was removed by filtration and washed with water. 5.8 gm. of 
material which melted at 110® were obtained. On analysis the 
compound gave the following values. 

Ci 2 Hi*N 04 . Calculated, N 5.90; found, N 5.81 

The carbobenzoxy group was removed by catalytic reduction 
and d-iS-amino-n-butyric acid was obtained in good yield. The 
free acid had a specific rotation of [ajJ® = +34®. This value is 


^ All melting points given in this paper are corrected. 
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in agreement with the value obtained by Fischer and Scheibler 
(3), [a]f = +35». 

The combined ethyl acetate mother liquors from the crystal- 
lization of the Z-a-phenylethylamine salt of carbobenzoxy-d-j8- 
amino-n-butyric acid were concentrated to dryness and the 
residue was dissolved in 500 cc. of water. The solution was 
acidified and 33 gm. of partially active carbobenzoxy-Z-j8-amino- 
n-butyric acid were obtained. This partially active material 
was then treated with d-a-phenylethylamine salt, just as the 
racemic mixture had been treated before with Z-a-phenylethyl- 
amine. The d-a-phenylethylamine salt of carbobenzoxy-Z-jS-am- 
ino-n-but 3 rric acid was obtained. After two recrystallizations from 
ethyl acetate, it melted at 114®. The following analytical values 
were obtained. 

C 2 oH 2 flNi 04 . Calculated, N 7.82; found, N 7.76 

Carbobenzoxy-Z-/3-amino-n-butyric acid was prepared from 
the salt in the same manner as the corresponding isomer. The 
compound melted at 110°, and gave the following analytical 
values. 


C, 2 Hi 4 N 04 . Calculated, N 6.90; found, N 6.05 

Z-a-Amino-n-butyric acid could be obtained from the carboben- 
zoxy derivative by catalytic reduction. The free amino acid 
had a rotation of [a]^ = —34.5° for a 1 per cent aqueous solution. 
Fischer and Scheibler report a rotation of [a]f = —35° for this 
compound. 

Preparation of Carbohenzoxy-d-fi-A mino-n-Butyryl-l-Histidine 
am} Carbohenzoxy-UP-A miTUhn-ButyryUUHistidine — Coupling of 
the carbobenzoxy derivatives of d- and Z-/3-amino-n-butyric acid 
chlorides with histidine methyl ester was carried out according to 
the directions given for the preparation of carbobenzoxyglycyl- 
Z-histidine (2). The carbobenzoxy acid chlorides of d- and Z-/3- 
amino-n-butyric acid were stable for several hours at room tem- 
perature, in contrast to the corresponding derivative of glycine. 

8.5 gm. of carbobenzoxy-d-/3-amino-n-butyryl-Z-histidine were 
obtained from 16 gm. of histidine methyl ester. The compound 
possessed a rotation of [aln® — +28° for a 1 per cent aqueous 
solution. The melting point was 204°. For analysis the com- 
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pound was recrystallized once from alcohol and dried at 100® 
in vacuo. 


Ci 8 Ha 2 N 40 ». Calculated, N 14.97; found, N 14.69 

The corresponding diastereoisomer, carbobenzoxy-J-jS-amino- 
n-butyryl-Z-histidine, was prepared by the same method. The 
compound crystallized readily from water or alcohol. The 
melting point was 207° and a 1 per cent water solution had a 
specific rotation of [a]f = +17°. After recrystallization, the 
material was dried in vacuo at 100° for analysis. 

Ci 8 H 22 N 40 fi. Calculated, N 14.97; found, N 16.09 

Preparation of d-fi-Amino-n-ButyryUUHistidine — For the prep- 
aration of the free peptide, 4 gm. of carbobenzoxy-d-/3-amino- 
n-butyryl-Z-histidine were dissolved in 20 cc. of water, containing 
2 equivalents of H2SO4, and reduced with hydrogen in the presence 
of palladium black. The catalyst was removed by filtration and 
the SO 7 was then precipitated with Ba(OH)2 and filtered. The 
filtrate was concentrated to dr3Tiess in vacuo and the residue was 
dissolved in the minimum amount of water. 5 volumes of al- 
cohol were added to precipitate the peptide, which crystallized 
readily. The amount of d-jS-amino-n-butyryl-Z-histidine obtained 
was 2.1 gm. The peptide melted at 260° and had a specific 
rotation of [a]f = +21° for a 1 per cent aqueous solution. It 
possessed the following analytical values. 

CioHi«N 403 . Calculated, C 49.99, H 6.71; found, C 49.82, H 6.58 

Preparation of l-P-Amino-n-ButyryUUHistidinc — i-jd-Amino-n- 
butyryl-i“histidine was obtained from the carbobenzoxy peptide in 
the same manner as its diastereoisomer. The compound pos- 
sessed a melting point of 260° and a 1 per cent solution in water 
had a specific rotation of [ajJ* = +8.4°. The following analytical 
data were obtained. 

CioHieN 40 ,. Calculated, C 49.99, H 6.71 ; found, C 60.05, H 6.70 

Preparation of^ Optically Active Forma of Carbohenzoxy-dl-fi- 
Aminoisobutyric Acid — 50 gm. of a-bromopropionic acid were 
dissolved in 100 cc. of water and 1 equivalent of Na 2 COs was 
added. 16 gm. of NaCN dissolved in 200 cc. of water were 
added to this solution. The mixture was heated at 60° for 1 
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hour and was then reduced with hydrogen in the presence of 
Raney's nickel catalyst. After the reduction was complete, 
the catalyst was removed by filtration and the filtrate was treated 
with carbobenzoxy chloride. The carbobenzoxy-dZ-zS-aminoiso- 
butyric acid melted at 76®. For analysis, the compound was 
recrystallized once from alcohol by the addition of water and was 
dried at room temperature in vacuo. 

CiiHhN 04 . Calculated, N 5.90; found, N 6.07 

For the resolution of carbobenzoxy-dZ-z3-aminoisobutyric acid, 
the salt of Z-a-phenylethylamine was utilized as in the previously 
described resolution of carbobenzoxy-dZ-zS-amino-n-butyric acid. 
The salt of carbobenzoxy-d-z3“aminoisobut5rric acid was the less 
soluble of the two salts formed and crystallized out of solution 
when the mixture was cooled. It melted at 91®. After three 
recrystallizations, the pure compound which was obtained melted 
at 98°. 27 gm. of the salt were obtained from 47.4 gm. of the 
carbobenzoxy-dZ-zS-aminoisobutyric acid. The compound gave 
the following analytical data. 

C 2 oHj«N 204 . Calculated, N 7.82; found, N 8.16 

Free carbobenzoxy-d-z9-aminoisobutyric acid was obtained from 
the Z-a-phenylethylamine salt in the same manner as described 
for the preparation of carbobenzoxy-d-j8-amino-n-butyric acid. 
It melted at 88° and a 5 per cent solution in glacial acetic acid 
had a specific rotation of [a]^ == —6°. On analysis the following 
values were obtained. 


C 12 HUNO 4 . Calculated, N 5.90; found, N 6.00 

Carbobenzoxy-Z-z3-aminoisobutyric acid was isolated by means 
of the d-a-phenylethylamine salt, as previously described for 
the isolation of carbobenzoxy-Z-z3-amino-n-butyric acid. The 
salt melted at 98®, and possessed the following percentage com- 
position. 

CaoH 2 «Nj 04 . Calculated, N 7.82; found, N 8.01 

Carbobenzoxy-Z-zS-aminoisobutyric acid melted at 88° and a 
6 per cent solution in acetic acid had a rotation of [a]f = +6°. 
Analysis of the compound gave the following data. 

CiiHifN 40 ». Calculated, N 5.90; found, N 5.94 
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Preparatiofi of d-fi-Aminoisobutyryl-UHistidirie — The conver- 
sion of carbobenzoxy-d-/3-aminoi8obutyric acid to the carbo- 
benzoxy peptide by condensation with histidine methyl ester 
was carried out as previously described for the condensation of 
carbobenzoxyalanine with histidine methyl ester (1). Neither 
the carbobenzoxy acid chloride nor the carbobenzoxy peptide 
could be obtained in crystalline form. Reduction was, therefore, 
carried out directly on the oily carbobenzoxy peptide. d-jS- 
Aminoisobutyryl-Z-histidine was isolated from the reduction 
mixture as the copper salt. From 16 gm. of histidine methyl 
ester dihydrochloride, 2.1 gm. of the copper salt of the peptide 
were obtained. The salt melted at 230°. The air-dried material 
was rose-colored but, after the compound had been dried at 100° 
in vacuOj the color changed to a deep blue. The free p)eptide 
was obtained from the copper salt, as previously described for 
the preparation of d( — )-alanyl-?( — )-histidine (1). d-jS-Amino- 
isobutyryl-i-histidine was somewhat soluble in aqueous alcohol 
and repeated concentrations of the mother liquor were necessary 
to obtain the crystalline peptide. It melted at 135° and had a 
specific rotation of = +18° for a 1 per cent aqueous solution. 
The air-dried material contained 2 molecules of water of crystal- 
lization. This compound and the blue-colored copper derivative 
possessed the following analytical values. 

CioHibN 40 ,- 2 H 20 . Calculated. C 43.48, H 7.30 
Found. ** 43.24, ‘‘ 7.27 
CioH,flN 40 s CuO. Calculated. 37.65, ‘‘ 5.04 
Found. 37.77, ** 4.81 

Preparation of Up-AminoisobutyryUUHistidirie — The oily acid 
chloride of carbobenzoxy-i-/3-aminoisobutyric acid was condensed 
with histidine methyl ester by the method utilized for the prep- 
aration of carbobenzoxyalanyl-J-histidine (1). Carbobenzoxy- 
Z-iS-aminoisobutyryl-Z-histidine, like its diastereoisomer, could 
not be isolated in crystalline form. After reduction of the carbo- 
benzoxy peptide, Z-/3-aminoisobutyryl-Z-histidine was isolated as 
its copper salt, which melted at 205°. The free peptide melted at 
240° and a 1 per cent water solution possessed a specific rotation 
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of [a]^ = +2®. ^jS-AininoisobutyryW-histidine and its copper 
salt gave the following analytical values. 

CioHieN 40 i CuO. Calculated. C 37,66, H 6.04 
Found. 37.64, 6.13 

CioHiiNiOa. Calculated, N 23.33; found, N 23.19 

SUMMARY 

d-jS-Amino-n-butyryl-Z-histidine and its diastereoisomer have 
been synthesized by condensation of the acid chlorides of the 
carbobenzoxy derivatives of d- and Z-i8-amino-n-butyric acid with 
histidine methyl ester. The free peptides were both isolated in 
crystalline form. Crystalline d-jS-aminoisobutyryl-Z-histidine and 
Z-)S-aminoisobutyryl-Z-histidine were also prepared. 

The peptides were tested for their effect on the blood pressure 
of cats under amytal anesthesia. Not one possessed any depres- 
sor activity in 20 times the effective dose of Z-camosine. 

Conclusions from this and previous studies with regard to the 
relationship of structure to the depressor action of camosine 
have been discussed. 
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STUDIES ON THE NATURE OF THE IODINE IN BLOOD* 

By VIRGINIA TREVORROW 

{From the Department of Biochemistryy Cornell University Medical College^ 

New York City) 

(Received for publication, December 8, 1938) 

Iodine metabolism is known to be significant in the maintenance 
of normal body function and is involved in certain pathological 
conditions. The r61e of the blood iodine in iodine metabolism 
can be understood only through a knowledge of the type or t 3 rpe 8 
of compounds present. In this study an attempt has been made 
to determine the nature of the blood iodine by means of comparing 
it with inorganic iodides, simple organic iodine compounds (thy- 
roxine and diiodo tyrosine), and iodine-containing protein. Com- 
parisons have been made with regard to solubility, ultrafiltra- 
bility, and precipitation with protein precipitants. 

Both human and animal bloods have been used in this study. 
The human blood samples and those from dogs were obtained by 
venipuncture, and extreme precautions were taken against the 
possibility of iodine contamination from the needle, syringe, anti- 
coagulant, or the glassware used. The various blood samples 
were not obtained during the fasting state, but care was exercised 
to eliminate all persons who used iodized salt or who had eaten 
foods reported to be high in iodine content. In no case was a 
sample taken if iodine in any form had been used by the individual 
during the preceding 2 weeks. Animal bloods were obtained at 
the abbatoir directly from the animal at the time of decapitation. 
The animals used had received a diet of grain, hay, and water and 
were known not to have received iodized salt for at least 10 days 
before the blood was taken. 

A series of analyses of whole blood and plasma showed a dis- 

* Material given in this paper is taken from a thesis presented to the 
Faculty of Cornell University in partial fulfilment of the requirements for 
the degree of Doctor of Philosophy. 
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tribution of the total iodine in proportion to the water content 
of the plasma and cells. Although it is recognized that a qualita- 
tive dijfference may exist between the plasma and cell iodine, there 
has been no evidence that such is the case. Whole blood and 
plasma have been used interchangeably according to the ease of 
manipulation. Iodine analyses were carried out according to the 
method of Trevorrow and Fashena (1, 2). 

EXPERIMENTAL 

Ethyl Alcohol Extraction of Blood with and withovi Addition of 
Iodine Compounds — Ethyl alcohol was used to extract the blood 
iodine, as shown in Table I. The blood was precipitated with 
4 volumes of purified 95 per cent ethyl alcohol and the precipitate 
so obtained washed three times with 1 volume of alcohol. These 
four portions of alcohol were combined for analysis. The precipi- 
tate was then transferred quantitatively to a Soxlilet apparatus 
and extracted for 4 hours with fresh alcohol according to the 
method of Lunde, Gloss, and Pederson (3). This alcohol was 
analyzed separately. The extraction was then continued for 
24 hours and a third alcohol fraction so obtained. The blood 
protein residue was then analyzed for alcohol-insoluble iodine. 

As can be seen in Table I, the iodine of blood is completely 
extracted by this procedure, 30 to 50 per cent being removed in 
the first fraction, 30 to 45 per cent in the 4 hour continuous extrac- 
tion, and the remainder in the next 24 hours. The recoveries in 
these experiments ranged from 90 to 108 per cent and the protein 
residue in no case contained detectable amounts of iodine. Dodds 
and coworkers (4) have reported a long continued extraction of 
blood with hot alcohol and state that some of the blood iodine 
remains in the insoluble protein fraction. We believe these 
results to be in error as a result of an inadequate method of iodine 
analysis. 

In similar extraction experiments in which potassium iodide, 
thyroxine, and finely minced thyroid gland were added to the 
blood, it was found that both the iodide and th 3 rroxine were 
removed slowly by alcohol but that the th 5 rroid iodine remained 
insoluble. It would appear, therefore, that the iodine of blood 
is not in protein combination similar to that found in the thyroid 
gland. In the last two experiments cited in Table I, blood con- 
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tainiag 2.8 micrograms of iodine and a similar sample of the same 
blood to which 26.0 micrograms of thyroid iodine had been added 
were extracted simultaneonsly under entirely comparable condi- 
tions. The iodine removed in the three alcoholic fractions was 
identical in amount in the two cases (within the limits of error, 
of the method). 

Acetone Extraction of Blood with and without Addition of Iodine 
Compounds — Acetone was next used for the extraction of the 


Table I 

Extraction of Blood Iodine with CtHtPH 


Material uaed 

It 

present 

It in CtH«OH from 
preoipitationan< 
three wasbinfs 

ItinCtHfOH 
from Soxhlet 
extraction 

It in 
residue 
after 
extrao- 
tion 

Recov- 

ery 

i 

First 

4 hrs. 

Next 
24 hrs. 


mtcrograma 

micro- 

grams 

miero- 

grama 

mtcro- 

grama 

micro- 

grama 

per cant 

50 cc. dog blood ! 

2.5 

1.4 

0.8 

0.5 

<0.1 

108 

60 ** human blood l 

2.8 

1.1 

0.8 

0.6 

<0.1 

90 

60 “ “ -h thy- j 

2.8 + 12.7 

9.1 

2.3 

2.9 

1.6 

103 

roxine 1 







60 cc. human blood + KI 

2.8 + 12.3 

10.0 

2.3 

1.3 

0.4 

93 

357.7 mg. thyroid 

179.0 


5.4 

6.2 

161.0 

97 

60 cc. beef blood -f thyroid 

2.8 + 26.0 

0.8 

1.3 i 

0.6 

e 


60 ** 

2.8 

0.9 

1.2 1 

0.6 

<0.1 

93 


* Not analyzed. 


blood iodine, as shown in Table II. 1 volume of blood was added 
to 4 volumes of purified acetone and the mixture shaken vigor- 
ously in a mechanical shaking machine for from 1 to 12 hours as 
shown in Table II. The mixture was then centrifuged and the 
precipitate again shaken with 4 volumes of 80 per cent acetone. 
Four extractions were made in each case. The results are in 
accord with those of Eufinger and Schulte (5); namely, that all 
of the iodine is acetone-soluble. The time required for complete 
extraction was foimd to vary with the amount of iodine and the 
volume of blood used. 12 hour extraction periods served to 
extract completely 18 micrograms of iodine from 600 cc. of beef 
blood, whereas 3 hour extraction periods removed only 46 per 
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cent of the iodine from a similar 600 cc. sample. With smaller 
amounts of blood containing only 2 micrograms of iodine, 1 hour 
extraction periods were adequate. 

Thyroxine and potassium iodide, when added to blood, were 
removed by acetone. In the 1 hour extraction periods used, only 
72 and 86 per cent respectively of the iodine of these samples was 
dissolved by the acetone, but there can be no doubt that each of 
the added materials was being dissolved and would eventually 
have been completely removed from the precipitate. 

The extracts obtained by this procedure were protein-free, as 
shown by the biuret test on a concentrated aqueous suspension of 


Table II 

Extraction of Blood Iodine with Acetone 


Material used 

Iodine 

present 

Iodine in 
acetone 

Iodine in 
residue 

Time 
for each 
eactrao- 
tion* 


mierograma 

micro- 

grama 

per cent 

micro- 

grama 

per cent 

hr a. 

Beef blood 

2.7 

2.7 

100 

<0.2 


1 

-h KI 

1. 3 + 3.0 

3.7 

86 

0.6 

14 

1 

** ** -1- thyroxine 

1. 3 + 3.0 

3.1 

72 

1.1 

26 

1 

Human blood i 

2.4 

2,4 

100 

<0.2 


1 

Beef blood 

18.0 

8.1 

45 

t 


3 

tt it 

18.0 

17.2 

96 

t 


12 


* Four extractions were performed in each case, 
t Not analyzed. 


the extracted material from which the acetone had been removed. 
This finding supports the view that the blood iodine is not in 
protein combination, but no differentiation can be made between 
simple organic iodine (thyroxine) and inorganic iodine. 

Ultrafiltration of Blood with and withovi Addition of Iodine Com- 
pounds — Attempts were made to secure a protein-free preparation 
of the blood iodine by means of ultrafiltration. Theoretically, 
this procedure should give a simple aqueous solution of the blood 
salts and all simple organic compounds such as thyroxine and 
other amino acids, urea, sugar, etc. The membranes used were 
made from a 5 per cent solution of nitrocellulose (parlodion) in 
glacial acetic acid, deposited on the filter cone of a Giemsa filtra- 
tion apparatus. This concentration of nitrocellulose is adequate 
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for the retention of all protein material of plasma. Leaks in the 
membrane surfaces were avoided by the use of a double thickness 
of collodion on each tube, the second layer being deposited after 
the first had been hardened in water. Each membrane was 
washed with several hundred cc. of redistilled water until the 
acetic acid had been removed and a 50 cc. sample of the filtrate 
showed no trace of iodine. After being washed and found iodine- 
free, the membranes were dried as completely as possible by 
suction, and used immediately. 

Aqueous solutions of potassium iodide and thyroxine were ultra- 
filtered and the filtrate (after the first portions were discarded 
because of unavoidable dilution by water in the membrane) was 
found to contain the same concentration of iodine as that of the 
unfiltered material. Preliminary experiments with plasma and 
serum showed that no appreciable amount of the iodine present 
passed through the filter. The technique was then altered in 
such a way that a maximum amount of filtrate would be obtained 
from a given sample of plasma. 25 to 100 cc. of plasma were 
filtered until the non-filtrable residue had been reduced to one- 
fifth the original volume. Water was then added to the residue 
and the volume again reduced. The process was repeated a third 
time and the combined filtrates so obtained were analyzed as a 
whole. By this means 90 to 99 per cent of the filtrable iodine 
should be removed from the protein residue. The protein residues 
were also analyzed, as shown in Table III. The total iodine 
recovered ranged from 83 to 105 per cent, the low values pre- 
sumably being due to a loss of protein residue which was thick, 
tenacious, and difficult to remove from the membrane. 

As can be seen in Table III, the filtrates of blood plasma, serum, 
and laked cells showed no detectable iodine except in one instance 
in which 17 per cent of the total serum iodine appeared to be 
jfiltrable. Inorganic iodine was recovered quantitatively in the 
filtrate. Thyroxine itnd diiodotyrosine, although filtrable in sim- 
ple aqueous solution, were retained in the unfiltrable residue after 
addition of an aqueous solution of the compounds to serum or 
plasma. Thyroxine added to a solution of egg albumin was also 
rendered non-filtrable, indicating that the property is not specific 
for blood but probably represents a simple non-specific adsorption 
of thyroxine by protein. 
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Ultrafiltration of certain protein solutions can therefore be used 
to differentiate between inorganic iodine and the iodine of thy- 
roxine or diiodotyrosine. The results of this study of blood lead 

Table III 


Behavior of Blood Iodine^ PoioBBium Iodide^ Thyroxins^ and 
Diiodotyrosine toward UUrafiliration 


Material used 

Iodine 

present 

Filtrate 

iodine 

Non- 

flltra- 

ble 

iodine 


microffram$ 
per 100 cc. 
HiO 

mierogrftme 
per 100 ce. 
HiP 


Aqueous KI 

20 

19 


ft t( 

20 

21 


“ thyroxine 

90 

94 


ti n 

74 

74 


a << 

64 

62 


ft tt 

48 

48 


Sheep serum -f KI 

8.04-105.0 

100 


Beef plasma + KI 

7.84-133.0 

140 


4- KIO 3 

8 . 04 - 50.0 

44 



micrograma 

fnicrograme 

miero- 

gram$ 

Beef plasma 

i 3.0 

<0.2 

3.0 

H ({ 

* 3.4 

<0.2 1 

3.0 

tt tt 

1 4.1 

<0.2 i 

3.4 

tt tt 

6.5 

<0.2 

6.2 

it tt 

1.7 

<0.1 

1.6 

serum 

! 6.8 

<0.2 

e 

tt tt 

13.6 

2.4(17%) 

12.1 

plasma + 1 volume H 2 O 

I 1-7 

<0.1 : 

1.6 

it tt _|_ j tt tt 

2.1 

<0.1 

4> 

cells 4- 1 volume H 2 O 

4.0 

<0.2 

3.6 

** plasma 4- 1 volume thyroxine solution 

3.8 4-46.5 

<0.2 

48.5 

** 4- thyroxine 

1.0 4-19.6 

0.6 

20.2 

tt it it 

2.3 4-17.0 

<0.2 

m 

Egg albumin 4- 

2 . 94 - 9.6 

<0.2 

e 

Sheep serum 4” diiodotyrosine 

3.6 4-44.0 

0.4 

47.2 

Beef plasma 4” “ 

1 . 44 - 12.0 

<0.2 

13.2 


* Not analyzed. 


one to conclude that the inorganic iodine constituents do not 
exceed 20 per cent of the total iodine and are usually less than 10 
per cent or completely absent in so far as the present method 
permits their determination. 
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Since the completion of this work, Leipert (6) has published 
similar ultrafiltration experiments in which the filtrable iodine 
is said to constitute 60 to 90 per cent of the total. No analyses 
are given for the iodine content of the non-filtrable residue, this 
fraction being determined by difference only. The membranes 
used by Leipert were prepared from 6.5 to 7 per cent collodion in 
glacial acetic acid to which 2 per cent potassium carbonate had 
been added. The writer has prepared membranes of this type 
but has been unable to confirm Leipert's results. Leipert^s 
method of iodine determination has been found by the writer (1) 
to be subject to variable positive errors which would partially 
account for the discrepancies between his results and those of the 
present study. Beef blood has been used in both studies. The 
results shown in Table III were obtained with blood from animals 
which had not received iodized salt. Four samples of blood from 
animals which had been fed iodized salt showed the filtrable 
iodine to range from 30 to 50 per cent of the total. It is possible 
that the blood used by Leipert may have been from animals on 
an iodine-rich diet which served to increase greatly the proportion 
of inorganic iodine present in the blood. 

Use of Zinc Sulfate-Sodium Hydroxide and of Heat and Acetic 
Acid to Precipitate Blood with and without Addition of Iodine 
Compounds — Confirmatory evidence that the iodine of blood does 
not normally exist in inorganic form is shown in the following 
experiments. The proteins of whole blood were precipitated by 
two commonly used precipitating agents and the filtrates analyzed 
for iodine. Table IV shows the results obtained with the use 
of heat and acetic acid and Table V, those with zinc sulfate and 
sodium hydroxide. In neither case did the filtrate contain more 
than 10 per cent of the total iodine, and in both cases added iodide 
could be recovered in the filtrate and added th 3 n*oxine was retained 
to a large extent on the precipitate. Precipitation by heat and 
acetic acid was carried out according to the method of Benedict, 
Newton, and Behre (7), except that the treatment with colloidal 
iron was omitted; the zinc sulfate-sodium hydroxide precipitation, 
by the method of Somog 3 d (8). All reagents were iodine-free. 

The results obtained by the use of alcohol and acetone extrac- 
tion of blood have shown that the blood iodine probably does not 
exist in protein combination. Ultrafiltration and the ejcperim^its 
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with heat-acetic acid or zinc sulfate-sodium hydroxide precipita- 
tion of blood give evidence that not more than 10 per cent of the 
blood iodine is in inorganic form. Throughout the work, the 

Table IV 


Behavior of Blood Iodine Alone f and of Potassium Iodide and Thyroxine 
Added to Bloody toward Precipitation of Proteins 
with Heat and Acetic Acid 


Material used 

Iodine repreeented by 
filtrate 

Iodine present in 
filtrate 


micrograma 

mierograms 

Beef blood 

0.8 

Trace 

tt n 

1.4 

<0.1 


1.9 

Trace 

it it 

1.6 

0.6? 

it tt 

1.7 

Trace 

** + thyroxine 

1.5 + 4. 2 

0.7 

tt tt _j_ tt 

1. 7 + 4.0 

0.5 

** -f KI 

1.5 + 4. 2 

4.6 

tt it tt 

1. 7 + 4.0 

3.3 


Table V 


Behavior of Blood Iodine Alone f and of Potassium Iodide and Thyroxine 
When Added to Bloody toward Precipitation of Blood 
Proteins with ZnSOi and NaOH 


Material used 

Iodine represented by 
filtrate 

Iodine present in 
filtrate 


mtcro( 7 ram« 

micrograma 

Human blood 

2.2 

<0.2 

tt ft 

3.7 

<0.2 

it tt 

3.4 

Trace 

it tt 

6.7 

0.5 

“ “ + thyroxine 

0.3 + 1. 8 

<0.2 

tt tt tt 

0. 2 + 2.0 

Trace 

if tt It 

0.4 + 5. 7 

<0.2 

“ + KI 

0.2 + 2. 6 

2.4 

it ti it 

0.3 + 2. 4 

2.6 

tt tt tt 

0.4 + 6. 3 

4.0 


blood iodine has behaved exactly as have added thyroxine and 
diiodotyrosine. The next problem is to show whether either or 
both of these iodine-containing amino acids may be present. 
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Analysis of Blood Extracts for Thyroxine by a Modified Leland 
and Foster Techniqzte—Thyroxine can be determined chemicaDy 
by the method of Leland and Foster (9) which is based upon the 
distribution of thyroxine between butyl alcohol and aqueous 
sodium hydroxide as contrasted with the solubility of other known 
iodine compounds in these solvents. This method was originally 
described for use with thyroid tissue, in which the ratio of thy- 
roxine to organic material is much greater than that found in 
blood and the thyroxine is in protein combination. In the original 


Table VI 

Extraction of Blood Iodine with Butyl Alcohol 


Material used 

Iodine Total Distribution of total extracted iodine 

pres- iodine | 

ent extracted | Butyl alcohol 2 n NaOH 




per 

per 

1 per 

per 


micro- micro- 

per micro- 

cent of 

cent 

micro- |C«n< of 

cent 


gramt gramB 

cent ! grama 

ortgi- 

of ex- 

grama j ongi- 

of ex- 




nal 

tracted 

nal 

tracted 

Human blood 

18.0 20.0 

111 1 



i 


Beef blood 

19.5 14.6 

75 i 

• 




“ “ d- thyroxine 

1.0 10.2 

98 ! 






d-9.4 

i 



! 


plasma -f thyroxine 

3,8 8.6 

00 



2.91 



-fS.O: 

' 



i 


H it 

3.8 3,5 

92 1 1.2 

32 

34 

2.3l 60 

66 

it it j 

71.0 31.8 

45 il9.2 

27 

60 ! 

|l2.6 18 ^ 

40 

it it 

40,0 27.7 

69 ;20.0 

50 

72 

I 7.7! 19 

28 


35.0 27.4 

79 ; 18.0 

51 

65 

9.6i 27 

35 


47.0 37,9 

81 27.3 

58 

72 

10. 6i 22 

I 28 


method a long period of alkaline hydrolysis was employed to liber- 
ate the thyroxine from its combination in the protein molecule. 
During this treatment with alkali, approximately 20 per cent of 
added free thyroxine was found to be destroyed. Since the thy- 
roxine in blood, if present, could not be in protein combination, 
it was deemed advisable to remove the protein by some means 
other than hydrolysis and thus avoid the destruction by alkali. 
This has been done by using butyl alcohol to extract the original 
blood. Table VI shows the results of these experiments. 1 vol- 
ume of blood or plasma was added dropwise to 3 volumes of butyl 
alcohol and the mixture stirred gently, but constantly, for 15 
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minutes. Too vigorous mixing resulted in the formation of a 
thick emulsion which required as long as 24 hours for complete 
separation. This tendency toward emulsion formation was more 
marked with whole blood than with plasma, a finding which led 
to the exclusive use of plasma when large amounts were required. 
In cases where more than 100 cc. of plasma were extracted, the 
extraction was made on a series of 100 cc. portions, since this 
allowed for a more complete mixing of the plasma and butyl 
alcohol. After each extraction of a given sample, the mixture 
was centrifuged and the clear, yellow butyl alcohol removed from 
the aqueous phase and protein residue by decantation. 3 volumes 
of fresh butyl alcohol were added and the process repeated until 
all of the water (from the blood) had been removed and only a 


Table VII 

Distribution of Thyroxine^ Diiodotyrosine, and Potassium Iodide between 
Equal Volumes of Butyl Alcohol and 2 n Sodium Hydroxide 


Material used 

1 

Total iodine 

Iodine in 
butyl alcohol 

Iodine in 
NaOH 

Volume of 
each phase 


mi(^ogramB 

microgramB 

microgramt 

cc. 

Thyroxine 

8.4 

7.9 

0.3 

100 

it 

8.4 

8.0 

0.3 

10 

Diiodotyrosine ... 

8.0 

0.4 

7.5 

10 

KI 

8.0 

0.6 

7.2 

10 


finely granular residue remained. At this point the supernatant 
butyl alcohol was clear and colorless. From four to six extrac- 
tions were made in each case. 

Control experiments showed that all of the iodine of blood or 
plasma could be removed from small samples by this procedure 
and that added thyroxine could be recovered in the butyl alcohol. 
This again confirms the conclusion that the blood iodine is non- 
protein in nature. The butyl alcohol extract so obtained was 
concentrated under reduced pressure on a steam bath to a volume 
of 25 cc. for each 100 cc. of plasma used, and the concentrated 
butyl alcohol shaken with 1 volume of 2 N aqueous sodium hy- 
droxide. Table VII shows the distribution of small amounts of 
pure thyroxine, diiodotyrosine, and potassium iodide between 
butyl alcohol and 2 n sodium hydroxide. The results are in agree- 
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ment with those reported by Leland and Foster (9) for larger 
amounts of material. 

, The mixtures obtained after shaking butyl alcohol extracts of 
blood with aqueous sodium hydroxide were allowed to separate 
completely and the two phases analyzed separately. As shown 
in Table VI, the butyl alcohol phase after this separation contained 
from 27 to 58 per cent of the total plasma iodine. Thyroxine 
when added to plasma was recovered in the butyl alcohol phase. 
In the last four experiments shown in Table VI, large amounts of 
plasma were used (600 to 1500 cc.), and the original removal of 
iodine from the protein was not complete. It is interesting to 
note that as the percentage of the total iodine removed increased 
in the different experiments, the increase was largely in the 
thyroxine-like fraction; the non-thyroxine iodine remained rela- 
tively constant at 20 to 30 per cent of the total plasma iodine. 
Too much emphasis should not be placed upon this finding, since 
in one experiment, in which 3.8 micrograms of iodine were com- 
pletely removed from 50 cc. of plasma, 60 per cent was in a non- 
thyroxine form. It should be pointed out that this method, 
although added thjrroxine can be recovered by it, may not be 
specific for this substance alone in the presence of iodine com- 
pounds other than diiodotyrosine and simple iodides. It is quite 
possible that the blood might contain some iodine compound other 
than thyroxine which has a high solubility in butyl alcohol as 
compared with its solubility in aqueous media. 

The separation of the iodine into butyl alcohol- and water- 
soluble fractions is an actual separation of at least two different 
forms, as shown by the fact that the iodine of the butyl alcohol 
phase remains in the butyl alcohol with repeated extractions with 
2 N sodium hydroxide and does not follow a percentage distribu- 
tion of the order observed when the first separation was made. 
Were only a single compound present in the original extract, the 
aqueous sodium hydroxide would be expected to remove a con- 
stant percentage of the amount with each extraction. 

Because of the non-specific nature of the above evidence for 
the presence of thyroxine, attempts were made to use biological 
tests on material obtained by the butyl alcohol and the acetone 
methods of extraction. This material, purified in various ways, 
has been used in the attempt to stimulate metamorphosis of tad- 
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poles. The results to date have been uniformly inconclusive 
because of the toxicity of the extracts. Further attempts to use 
methods of biological assay are planned for future work. 

DISCUSSION 

The results of this study are at variance with many of those 
reported in the literature, both in regard to factual material and 
the interpretation placed thereon. Part of this discrepancy may 
be due to positive errors in some of the methods of iodine analysis 
which have been used. As shown by us (1), Leipert^s original 
method, in which arsenious oxide is used as the reducing agent, 
is subject to a variable positive error. We believe that all methods 
in which dry ashing is used to destroy organic material, alcohol 
extraction to remove the iodine from the ash, and final titration 
with sodium thiosulfate, are similarly subject to a positive error. 
This error results from the non-specificity of the Winkler titration 
in which any oxidizing agent capable of liberating iodine from 
potassium iodide or reacting with the thiosulfate will lead to 
erroneously high values. For example, in one of our experiments 
a portion of blood was extracted with ethyl alcohol until all of the 
original iodine had been removed and could he accounted for in 
the extract. The protein residue was analyzed by the Trevorrow 
and Fashena method and no iodine found. A second portion of 
the residue analyzed by the method of Turner (10) showed iodine 
to be present in an amount representing 4.0 micrograms per cent 
for the original blood. This type of error has therefore led to a 
general acceptance of the presence of ‘^protein^^ iodine in the blood. 
Baumann and Metzger (11), in 1937, abandoned the dry ashing 
method previously published by them because of the variable 
positive errors involved. 

That the method used in the present study is not subject to 
this error has been demonstrated in another way. 73 cc. of 
human blood were digested according to our analytical procedure 
and the iodine distilled. An aliquot of the distillate, representing 
8.5 cc. of blood, was treated in the usual manner and iodine repre- 
senting 5 micrograms per cent was found. The remainder of the 
distillate was treated with sodium bisulfite to reduce all of the 
iodine to iodide, evaporated to 2 cc., acidified, evaporated to 1 cc. 
(excess SO 2 boiled off), treated with palladium chloride, and the 
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color produced compared with that of standard iodide solutions. 
Iodine representing 5 micrograms per cent was found. Since the 
colorimetric procedure does not depend in any way upon oxidation 
or reduction reactions, the agreement between the results obtained 
by the colorimetric and titrimetric methods speaks well for the 
specificity of both procedures. 

Besides the errors of analysis, we also believe that errors in 
interpretation have been made, especially with respect to the 
inorganic fraction of the blood iodine. Veil and Sturm (12), 
Lunde, Gloss, and Pederson (3), and Eufinger and Schulte (5) 
have observed that a portion of the blood iodine can be extracted 
with solvents which remove inorganic iodides and have therefore 
concluded that this part of the blood iodine is inorganic in nature. 
These experiments have been inadequately controlled in that no 
consideration was given to the possible existence of simple organic 
iodine compounds. We have shown that the amino acids thy- 
roxine and diiodotyrosine when added to blood can be extracted 
with these solvents. 

By means of ultrafiltration and experiments with heat and 
acetic acid or zinc sulfate and sodium hydroxide precipitation, 
we have been able to differentiate between inorganic and simple 
organic iodine. The results of these studies lead to the conclusion 
that the blood samples studied cannot contain more than 20 per 
cent of their iodine in inorganic form. 

SUMMARY 

1. The iodine in the blood of animals on an iodine-poor diet is 
not in protein combination. 

2. Not more than 20 per cent of this iodine is in inorganic form. 

3. The greater part of the blood iodine possesses properties 
similar to those of thyroxine and diiodotyrosine, and a portion 
of this is not diiodotyrosine but is thyroxine-like in its solubility. 

BIBLIOGRAPHY 

1. Trevorrow, V., and Fashena, G. J., J. BioL Chem,^ 110, 29 (1936). 

2. Fashena, G. J., and Trevorrow, V., J. Biol. Chem.y 114, 361 (1936). 

3. Lunde, G., Close, K., and Pederson, O. C., Biochem. Z., 206, 261 (1929). 

4. Dodds, E. C., Lawson, W., and Robertson, J. D., Lancet^ 2, 608 (1932). 



750 


Nature of Iodine in Blood 


5. Eufinger, H., and Schulte, W., Arch, Oyndk,, 162 , 470 (1983). 

6. Leipert, T,, Biochem. Z., 2^, 99 (1937). 

7. Benedict, S. R., Newton, E. B., and Behre, J. A., J, Biol, Chem.y 67, 

267 (1926). 

8. Somogyi, M., J, Biol, Chem.f 86, 655 (1930). 

9. Leland, J. P., and Foster, G. L., J, Biol, Ckem.^ 96 , 165 (1932). 

10. Turner, R. G., J. Biol, Chem,, 88, 497 (1930). 

11. Baumann, E. J., and Metzger, N., J, Biol, Chem., 121 , 231 (1937). 

12. Veil, W. H., and Sturm, A., Deutach, Arch, klin, Med,, 147 , 166 (1925). 



THE ADSORPTION OF PROTEIN BY FILTER PAPER IN 
THE ESTIMATION OF ALBUMIN IN BLOOD SERUM 

By ruth C. HARRIS 

(From the Department of Diseases of Children^ College of Physicians and 
Surgeons^ Columbia University^ New York) 

(Received for publication, December 17, 1938) 

The adsorption of albumin by filter paper during the determina- 
tion of the albumin fraction of serum protein by the Howe method 
(1) has been discussed by Robinson, Price, and Hogden (2). 
They found that different filter papers adsorb correspondingly 
different amounts of albumin and so lower the concentration in 
the filtrate. They state, ‘'The results prove that filter paper, in 
the presence of high salt concentration, does adsorb an appreciable 
amount of albumin and, therefore, the values for albumin are low, 
especially when small amounts of solution are filtered.” The 
study deals with many kinds of filter paper and with repeated 
filtration through the same paper to observe the varying loss in 
albumin. The specific adsorption of particular papers did not 
receive comment but a survey of their data shows that Whatman 
No. 50 and Schleicher and Schlill No. 575 adsorbed less than the 
other papers; also that the loss due to adsorption could be elim- 
inated by discarding the initial portion of filtrate. 

In view of the above study, and of the routine use in this lab- 
oratory of the Howe method in albumin determination, 69 analyses 
were carried out in such a way that the loss of albumin could be 
appraised when one particular paper of good quality, Whatman 
No. 50, was used. The results corroborate the findings of Robin- 
son and his associates in showing a loss in albumin due to ad- 
sorption. This loss, however, was exceedingly small and could 
be demonstrated only by applying statistical methods to the 
grouped data. 

Method 

The micro-Kjeldahl method of nitrogen determination aa used 
in protein analyses in this laboratory has been adequately de- 
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scribed by Weech, Snelling, and Goettsch (3). Non-protein 
nitrogen, total protein, and albumin fractions are determined on 
each sample. The albumin fraction is estimated as that portion 
of the total protein left after the globulin has been precipitated 
by addition of a 22.2 per cent sodium sulfate solution and is the 
fraction which will be considered at this time. 

2 cc. of dog serum were treated with 60 cc. of a 22.2 per cent 
solution of sodium sulfate at 37® as in the Howe micromethod and 
the mixture was well shaken. It was incubated at 37° overnight 
or for approximately 18 hours. The suggestions offered by 
Bruckman, D’Esopo, and Peters (4) for incubation and for main- 
tenance of glassware at incubation temperature were followed. 
After incubation the mixture was again well shaken to distribute 
the precipitate evenly. The first 15 cc. portion was filtered 
through one 7.0 cm. sheet of Whatman No. 50 filter paper in a 
38 mm., 60° angle glass funnel and collected. This is a smaller 
size of filter paper than that used by Robinson, Price, and Hogden, 
and does not hold the entire 15 cc. portion, but as it is the size 
used routinely in the laboratory, it was used in this study also. 
If the first 15 cc. portion was slightly cloudy, it was refiltered until 
clear; the remaining portion was then filtered through the same 
paper and collected separately. One analysis from the first 15 ce. 
portion and duplicate analyses from the remaining fraction were 
made by removal of 10 cc. aliquot portions, digestion, and distil- 
lation into n/70 HCI, with titration of the excess acid against 
n/70 NaOH. The same pipette was used to remove all aliquots. 
The transfers were accomplished as quickly as possible to prevent 
error due to evaporation and subsequent drying of the sodium 
sulfate mixture on the wall of the pipette. Digestion was ac- 
complished by the addition of 4 cc. of a mixture containing 1 part 
of 5 per cent copper sulfate, 9 parts of distilled water, and 10 
parts of nitrogen-free concentrated sulfuric acid to each flask. 

The standard error of measurement (SEm) for albumin analyses 
in this laboratory is ±0.042 gm. per cent, as computed from 122 
duplicate determinations both by the equation SEm == V^<P/2n 
and SEm = (Sd/2n) X 1.7725, when d is the difference between 
duplicate values and n is their number (5). This error is slightly 
greater than the value of ±0.03 gm. per cent given by Robinson 
and his associates. However, in calculating the standard error 
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these authors appear to have averaged a number of standard 
deviations (o-), each of which was computed from two, three, or 
four replicate analyses. This method of averaging a rather than 
or^ tends to result in underestimation of the true value of the 
standard error. It is probable that analytical accuracy was 
about the same in the two laboratories. 

Results 

In order to evaluate the findings in the present study, the differ- 
ence in the determined values for albumin concentration between 



CRAMS PER CENT OF ALBUMIN 

Fig. 1. Frequency polygon showing the distribution of the differences 
between determined values for albumin in initial and residual portions of 
filtrate. 

the initial and residual portions of filtrate was calculated for each 
of the 69 samples. A negative sign was affixed to the difference 
when the initial filtrate yielded the lower result. In Fig. 1 the 
differences are arranged in the form of a frequency polygon and it 
is seen that the first portion of filtrate gave values which were 
sometimes lower and sometimes higher than the later portion. 
The extreme cases in the distribution reveal a total range among 
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the differences from —0.28 gm. per cent to +0.13 gm. per cent. 
The average difference with its standard deviation is —0.06 
db 0.0807 gm. per cent. The negative sign attached to this 
average figure is in accord with the belief that some albumin may 
be removed from the initial filtrate by adsorption. However, 
the magnitude of the average difference is surprisingly small and 
in view of the relatively wide scatter among individual differences 
it is reasonable to inquire whether or not there is any proof of 
adsorption by this filter paper. The proof is readily furnished 
by conventional statistical procedure. The ratio of the average 
difference to its probable error of =b0.0066 gm. per cent is 7.7. 
This ratio is nearly twice as high as that required to prove that 
the average difference deviates from zero in the negative direction; 
that is, that the initial filtrate contains on the average less al- 
bumin than the later. 

Since the data published by Robinson and his associates in- 
dicate considerable differences in the amount of adsorbed al- 
bumin when different types of filter paper are employed, it is not 
unreasonable to expect that some variability in adsorption will 
remain even when a single type of paper is used consistently. 
Perfect uniformity of a paper in this respect is scarcely possible 
and some causes of variation may reside in the serum rather than 
in the paper. Such circumstances may account in part for the 
range of values recorded in Fig. 1. Nevertheless it is reasonable 
to think that all papers must adsorb at least traces of albumin and 
the finding in numerous instances of a positive rather than a 
negative difference between initial and residual filtrate requires 
special explanation. It can be shown that this overlapping into 
the positive zone can be accounted for by the error of chemical 
analysis. The standard error of measurement for a single de- 
termination has been stated to be ±0.042 gm. per cent. As the 
average of two analyses from the residual filtrate and a single 
analysis from the initial filtrate were involved in determining the 
difference between the two results, the standard error of measure- 
ment of the difference is ±0.061 gm. per cent. This is calculated 
from the formula, \/0M2^ + ^(0.042)2, where 0,042^ is the 
variance of a single detemoination and i (0*042)2 is the variance of 
the average of two determinations. Since errors as great as 3 
times the standard error of measurement are apt to occur in a 
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series of measurements, identical portions of the same iSltrate, 
compared in a similar manner as in this study, may on analysis 
differ from each other by ±0.163 gm. per cent on the basis of 
chemical error alone. In this series the greatest positive differ- 
ence which was observed was +0.13 gm. per cent. As this value 
is not so high as the largest expected difference due to chemical 
error, it is evident that the positive values are included in the 
range of analjrtical deviation. There is no reason, therefore, to 
assume from this work that all filter papers do not adsorb at least 
traces of albumin. Moreover, many of the negative differences 
in Fig. 1 are much too large to be explained as errors of analysis, 
a circumstance which adds further support to the supposition that 
there is loss of albumin from the initial portion of filtrate. 

Robinson, Price, and Hogden have suggested that the error 
due to adsorption can be eliminated by discarding the initial 
.filtrate and analyzing only the residual portion. Under some 
circumstances samples of 0.5 cc. of serum must be analyzed. In 
such cases, when the total filtrate contains but 16.6 cc., elimination 
of the initial portion becomes impracticable. In a more recent paper 
Robinson and his associates (6) have suggested an alternate pro- 
cedure which can be used in such cases and which depends upon 
substituting centrifugation for filtration. The findings in the 
present study provide another simple way of handling such sam- 
ples. If the diameter and quality of the filter paper are the same 
as those employed in this study, the final analytical result can be 
corrected for loss due to adsorption by adding to it 0.06 gm. per 
cent of albumin. Since the adsorption losses with this type of 
paper are small, a constant correction applied to all samples will 
add very little to the total error which must continue to depend in 
large part upon other errors of analytical technique. 

SUMMABY 

69 samples of serum were analyzed for albumin by the Howe 
method in such a way that the loss of albumin due to adsorption 
by filter paper could be evaluated for one size and type of paper, 
namely batman No. 50 of 7 cm. diameter. The average loss of 
albumin was 0.05 gm. per cent. This figure although small pos- 
sesses a high degree of statistical significance. It is shown that 
failure to obtain evidence of adsorption in individual analyses 
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can be explained on the basis of other errors of anal]rtical tech- 
nique. When small samples of 0.5 cc. of serum must be analyzed, 
an approximate correction for loss due to adsorption is provided 
by adding 0.06 gm. per cent to the final analytical result. 
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PURIFICATION AND SOME PROPERTIES OF RENIN 

By O. M. HELMER and IRVINE H. PAGE 

(From the Lilly Laboratory for Clinical Research^ Indianapolis 
City H capital f Indianapolis) 

(Received for publication, December 19, 1938) 

Vasopressor extracts of renal cortex were first prepared by 
Tigerstedt and Bergman (1) in 1898 and the active substance in 
them named renin. Further purification was carried out by 
Bingel and Strauss (2) and recently by Hessel and coworkers 
(3~5). Others (6-11) have also proposed methods which yield 
crude but pharmacologically active extracts. 

In view of the renewed interest in this substance as the possible 
effector substance responsible for hypertension of renal ischemic 
origin (12-14) it seemed desirable to attempt purification of the 
relatively impure extracts which have been employed for study- 
ing the physiological properties of this pressor substance. 

Method of Preparation of Renin 

1 kilo of finely ground, fresh, pig kidney cortex is mixed with 
2060 cc. of ice-cold acetone and kept at 0® for 2 hours. The 
mixture is shaken occasionally. It is then filtered by suction; 
the solids are washed with ice-cold acetone, returned to the original 
flask, and treated again with 2000 cc. of ice-cold acetone. After 
2 hours at 0® the mixture is again filtered by suction. The 
insoluble portion is washed twice with ice-cold acetone, twice 
with ether, dried in air, placed in a vacuum desiccator overnight, 
and finally passed through a powder mill. 

200 gm. of the powder are shaken for 15 minutes in a shaking 
machine with 700 cc. of ice-cold 2 per cent NaCl solution. The 
residue is removed by centrifugation and the supernatant fluid 
filtered through Schleicher and Schtill^s filter paper No. 1117J. 
The residue is reextracted with 300 cc. of 2 per cent NaCl solu- 
tion and treated as before. The residue is discarded. 
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To the combined filtrates, 7.5 cc. of glacial acetic acid are 
added, which precipitates a large amount of inert protein and 
brings the pH to 4.6. This precipitate is removed by centrifuging 
and the filtrate adjusted to a concentration of 1 m potassium 
phosphate by addition of 3 m potassium phosphate solution of 
pH 6.6.^ It is then centrifuged and the supernatant fluid made 
up to a concentration of 2 m potassium phosphate. The precipi- 
tate (Fraction B) is collected on a Buchner funnel provided with 
a No. 42 Whatman filter paper,, a small amount of diatomaceous 
earth (Hyflo super-cel) being added to insure a clear filtrate. 

This precipitate (Fraction B) is dissolved in 100 cc. of 0.9 
per cent NaCl solution and the precipitation with phosphate 
repeated as described. The precipitate (Fraction C) which is 
formed at 2 m concentration of phosphate is dissolved in 25 cc. 
of 0.9 per cent NaCl solution. This solution, which exhibits 
strong pressor properties, is deeply pigmented but is free from 
depressor substances. The nitrogen content is 3.7 mg. per cc. 

Further purification is accomplished by adding to Fraction C 
an equal volume of 10 per cent NaCl solution and glacial acetic 
acid to 5 per cent concentration. Practically all of the pigment 
and 90 per cent of the protein nitrogen are removed, leaving the 
pressor fraction in the filtrate. The filtrate is dialyzed in cel- 
lophane sacs against distilled water overnight and adjusted to 
pH 6.5 with 0.1 N NaOH which precipitates further inactive 
proteins. The resulting solution (Fraction D) is water-clear 
and has a nitrogen content of 0.4 mg. per cc. From Fraction D, 
reineckates and picrates can be prepared which are strongly 
pressor. Ammonium sulfate concentration of 40 per cent of 
saturation at pH 3 to 4 and sodium chloride at full saturation at 
the same pH will also precipitate active pressor substance. 

The procedures described above, except centrifuging, are 
carried out in the cold with ice-cold solvents. The whole proceas 
can be completed in 48 hours. 

^ This solution, which is made up of equimolecular amounts of monobasic 
and dibasic potassium phosphate, is prepared in 2 liter lots as follows: 
817 gm. of KH 2 PO 4 are weighed out in a beaker and 1 liter of water is added. 
Then 760 cc. of 4 n KOH are added and the solution warmed gently. When 
the phosphate is dissolved, the solution is transferred to a 2 liter volximetric 
flask, cooled to room temperature, and made up to volume. 
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Properties of Renin 
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tioii 1) foniis pHH'ipitates with aininoiiiacal .silv(‘r nitrate', fiaviaiiic* 
acid, picric acid, and R('incck(' salt. 

Fraction C has lu'C'n us('d for ])harniacol()j>;i(*al studies. AVlicn 
inj('ct('d intnivc'nously into an unaiu'sthetize'd dog, 0.025 cc. jH'r 
kilo will ])i-odnc(' a rise' in blood pressure of 1^0 inni. or more, as 
iiK'asun'd by a na'i'ciiiy nianoin<‘t('r connoct('d to an intraartc'rial 
cannula. It is also highly a(‘ti\’(' when inj('ct(‘d into cats or 
ral)bits aiH'st h('tiz('d with ])('ntobarbital. 0 or 7 (*c. i)('rfus(‘d into 
a dog o\'('r a p(‘riod of an hour will (‘ause a large' increase in bbod 
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To asct'rtain wlu'tlu'r the* pre*ssor actit)n of re'nin ])r(‘])are'd in 
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this manner was potentiated by cocaine, as is adrenine, cats 
were anesthetized with pentobarbital and the arterial pressure 
recorded from the carotid artery after section of a vagus nerve. 
Control injections of adrenine (1 cc. of 1:100,000 solution) and 
renin were given, followed by injection of cocaine (2 mg. per kilo 
of body weight). After demonstration of marked potentiation 
of the pressor action of adrenine, renin was again injected. No 
potentiation was observed (Fig. 1). 

Doses of ergotamine sufficient to depress markedly the pressor 
action of adrenine did not abolish the pressor effect of renin. 
These results add no support to the view that the pressor action 
of renin is due to adrenine or adrenine-like substances. 

It is important to note that the response of cats to 2 and 4 
times the orginal dose is proportional to the dosage. For this 
reason cats make desirable animals for assay purposes. Assay 
of renin by this method will be discussed in detail in a forthcoming 
communication. 


DISCUBBION 

Renin is doubtless a protein, as Tigerstedt and Bergman (1) 
recognized. The fact that the purer the preparation the less 
active it is when perfused through a dog’s tail with Ringer’s 
solution and that it is activated by addition of serum or colloids 
from serum led Kohlstaedt, Helmer, and Page (15) to suggest 
that renin is an enzyme-like substance. It is a protein, inacti- 
vated by heat and, when relatively pure, activated by blood col- 
loids. 

Discussion has arisen as to whether the pressor quality of 
renin is due to the molecule as a whole or to some prosthetic 
group within it. Williams (16) found that the rise in blood 
pressure produced by partially purified extracts in white rats is 
enhanced by cocaine and antagonized by ergotamine. Since 
adrenine is similarly affected, he suggested that the prolonged 
rise of arterial pressure is due to gradual liberation of an adrenine- 
like substance. Hessel (5) and Friedman, Abramson, and Marx 
(17) found no especial potentiation of renin by cocaine in 
dogs. Nor did Hessel find that ergotamine prevented its action. 
We have repeated these observations on dogs and cats with our 
purified renin and find no potentiation with cocaine nor 
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reversal to depressor action after preliminary treatment with 
ergotoxin.® 

Against the view-point that the action of renin is due to slow 
liberation of adrenine is the observation of Landis, Montgomery, 
and Sparkman (9) that renin is the only substance among the 
usual pressor agents, such as adrenine, which produces a rise in 
blood pressure without lowering the skin temperature. 

Purified renin does not give the Folin color reaction for adre- 
nine. Neither the pharmacological nor chemical evidence 
supports the view that the pressor action of renin is due to gradual 
liberation of adrenine. Although the blood pressure rise is 
somewhat similar to that produced by tyramine, it has been shown 
by Williams, Harrison, and Mason (11) that the pressor response 
of renin is not abolished by cocaine, as is that of tyramine. 

An alternative explanation might be offered; namely, that the 
prolonged action is due to gradual activation of renin by the 
activator in blood (15). 


SUMMARY 

1. A method for purification of renin, a pressor substance 
from kidney cortex, has been described. The purest prepara- 
tions elevate arterial blood pressure 30 mm. of Hg in dogs when 
injected in amounts representing 0.027 mg. of nitrogen per kilo 
of body weight. In cats it was 3 times as active; namely, 0.009 
mg. of nitrogen-containing extract produced the same rise. 

2. Color tests for guanidine groups and for pentose are es- 
pecially strong in renin solutions; those for adrenine are negative. 
Crystalline precipitates are formed on addition of flavianic acid 
or picric acid to hydrolysates of renin. 

3. The pressor action of renin in cats and dogs is not abolished 
by ergotamine nor potentiated by cocaine as is adrenine. 

* Dr. John Williams, Jr., in a letter kindly suggests that the differences 
in our results may be due to the fact that (1) different animals were used, 
(2) different methods for the preparation of renin were employed. His 
results may be due to the adrenine-like substance which he finds in the kid- 
neys and not to renin. Since he finds rats proportionately more sensitive 
to adrenine than cats and dogs, the adrenine-like substance may have over- 
shadowed the renin action. Apparently none of this adrenine-like sub- 
stance is present in our purified renin. 
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Cats anesthetized with pentobarbital are desirable preparations 
for assay purposes. 
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THE FATE OF TRICHLOROETHYLENE IN THE 
ORGANISM 

By H. M. BARRETT and J. H. JOHNSTON 

{From the Departmer^t of Physiological Hygiene^ University of 
Toronto^ Toronto, Canada) 

(Received for publication, December 20, 1938) 

During the course of an investigation of the toxicity of trichloro- 
ethylene and carbon tetrachloride (1) it was observed that tri- 
chloroethylene underwent some change in the body. 

Briining and Schnetka (2) employed the Fujiwara (3) reaction 
to determine the distribution of trichloroethylene in the tissues 
of animals that had been exposed to the vapor. They also re- 
ported the presence of trichloroethylene in the urine of human sub- 
jects who had undergone trichloroethylene exposure. 

The Fujiwara reaction occurs on addition of pyridine and 
sodium hydroxide to dilute solutions of many halogenated hydro- 
carbons or their derivatives. In this laboratory the reaction 
was adapted for the determination of trichloroethylene vapor 
in air (4), the standard solutions being prepared in 20 per cent 
alcoholic solution. When the steam distillate of urine obtained 
from human subjects who had been exposed to trichloroethylene 
vapor was tested in 20 per cent alcohol, it was found that the 
color that developed in the urine distillate after prolonged heat- 
ing was a distinct lemon-yellow, whereas solutions of trichloro- 
ethylene turned definitely orange. That this change in color 
was not produced by a reaction between urine and trichloro- 
ethylene or by some interfering substance was shown by adding 
trichloroethylene to normal urine and keeping it in sealed tubes 
for periods as long as a week. The steam distillates from these 
samples gave a color, when tested by the Fujiwara reaction, that 
was identical with that given by the standard trichloroethylene 
solutions. 

Further evidence that the halogen-containing material present 
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in the urine following trichloroethylene exposure was not tri- 
chloroethylene was supplied by the following experiments. Tri- 
chloroethylene added to normal urine could be completely removed 
by passing air through the solution and the trichloroethylene could 
be absorbed from the air by absolute alcohol. Urine from ex- 
posed human subjects or animals showed no detectable decrease 
in halogen-containing material following the passage of air, and 
tests on the alcohol in the absorption tube were negative. Tri- 
chloroethylene added to normal urine could be completely re- 
moved by shaking with a small volume of ethyl ether when the 
urine was either acid or alkaline. On the other hand, the halogen- 
containing material present in urine obtained from exposed human 
beings or animals was practically insoluble in ether when the solu- 
tion was alkaline but would dissolve if the urine had first been 
acidified. These experiments showed that not only was trichloro- 
ethylene changed by the organism, but also that no appreciable 
quantity of unchanged trichloroethylene occurred in the urine. 

Since it was not feasible to obtain suflBlcient urine from exposed 
human subjects to attempt isolation of the material giving a posi- 
tive Fujiwara reaction, dogs were employed. The active material 
that was present in dog urine following exposure of the animals to 
trichloroethylene vapor was indistinguishable from that present 
in the urine from exposed human beings in so far as the tests that 
have been outlined could show. Three dogs weighing about 15 
kilos each were exposed to trichloroethylene vapor in a wooden 
box. The trichloroethylene was vaporized by passing compressed 
air through a flask containing the liquid. The dogs were com- 
pletely narcotized (this usually required from 20 to 30 minutes) 
and were then removed from the box and allowed to recover. 
The animals were exposed once or twice a day, Sunday excluded. 
The urine from all animals was tested prior to the first exposure 
and showed the absence of any material giving a positive Fujiwara 
test. After a few exposures, sufficiently high concentrations of 
the material were present in the urine to enable Fujiwara tests 
to be performed on urine diluted 1:100 with water. At this dilu- 
tion the color of the urine did not interfere appreciably with the 
tests. It was observed that the colors given in the Fujiwara test 
both by dilute urine and the steam distillate of urine were identical 
and furthermore were indistinguishable from the colors given by 
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solutions of chloroform. For this reason, aqueous solutions of 
chloroform containing 1, 2, 3, 4, and 6 X 10“® part of chloroform 
by volume were used as standards to estimate quantitatively the 
efficiency of various means of concentrating the halogen-containing 
material present in the dog urine. 

With Gettler and SiegeFs method (5), about 15 mg. of chloro- 
form were isolated from the steam distillate from 750 cc. of dog 
urine. The chloroform was purified by distillation in vacuo from 
concentrated sulfuric acid. It was identified by Weber (6) and 
Fujiwara color tests and by the following physical constants. 



B.p. 

Mol. wt. 

Refractive 

index 

Density 

(1674*^) 

Material from steam distillate 

Chloroform 

“C. 

59.5-61 

61.2 

' 121.1 
119.4 

1.4460 

1.4464 

1.499 

1.498 



The boiling point was determined by Emich’s (7) method. The 
molecular weight was obtained by the method of Niederl and 
Saschek (8). An Abbe Zeiss refractometer was used to determine 
the refractive index and the density determination was made by 
a microdensity method developed in this laboratory (9) for de- 
termining deuterium oxide concentrations. The pycnometer 
used in the density determinations had a capacity of approxi- 
mately 11 c.mm. It was weighed on a Kuhlmann balance. 

It was found next that chloroform did not occur in the urine as 
such but resulted from the decomposition of trichloroacetic acid. 
This material was isolated from the urine by repeated extractions 
with ether from acid solution and from ethereal solution with alkali. 
A small amount of charcoal was used to decolorize the last alkaline 
extract. Purification was effected by distillation under reduced 
pressure. About 0.5 gm. of crystals was obtained from 13 liters 
of urine. The melting range was 54-57°; the molecular weight 
determined by neutralizing with 0.01 n NaOH was 162. The 
piperazonium salt was prepared by the method described by 
Pollard, Adelson, and Bain (10). This melted sharply at 121.5°. 
No depression occurred when the sample was mixed with an equal 
quantity of the piperazonium salt prepared from a known sample 
of trichloroacetic acid. A small sample of the sodium salt of the 
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material was precipitated from alcohol by the addition of petro- 
leum ether. ITie composition of the two salts is shown in Table I. 

The intensity and color of the Fujiwara tests given by the two 
salts prepared from the isolated material were identical with those 
given by equal concentrations of similar salts prepared from tri- 
chloroacetic acid. 


Table I* 

Per Cent Compoaition of Piperazonium and Sodium Salta from Dog Urine 



Carbon 

Hydrogen 

Nitrogen 

Chlorine 

Piperazonium salt of material from 
dog urine 

23.19. 

2.96 

6.88 

51.31 

Calculated for piperazonium di- 
trichloroacetate, C 3 Hi 2 CleN 204 

23.26 

2.91 

6.79 

51.53 

Sodium salt of material from dog 
urine 

1 

13.21 

0.02 

Sodium j 

j 

12.46 

1 

56.24 

Calculated for sodium trichloro- 
acetate, C 2 Cl 3 Na 02 | 

12.95 1 

0.00 

12.40 

57.38 


* We are indebted to Dr. G. F. Marrian and Miss D. Skill of the Depart- 
ment of Biochemistry for these analyses. 


DISCUSSION 

It has been shown that trichloroacetic acid can be isolated from 
the urine of dogs that have been exposed to the vapor of trichloro- 
ethylene. Steam distillation of this urine yields chloroform. It 
cannot, of course, definitely be said that trichloroacetic acid was 
not conjugated in some way or that it is not a decomposition prod- 
uct of some other material which in the process of isolation was 
broken up. In this connection the only other metabolic products 
resulting from the administration of chlorinated narcotic sub- 
stances that have been positively identified are urochloralic acid 
and urobutylchloralic acid which are excreted following the ad- 
ministration of chloral and butyl chloral. In isolating urochlo- 
ralic acid von Mering and Musculus (11) used methods somewhat 
similar to those employed in the present work. Urochloralic 
acid undergoes decomposition fairly easily on being boiled with 



H. M: Barrett and J. H. Johnston 


769 


acid, yielding trichloroethanol and glucuronic acid. Therefore, 
if trichloroacetic acid results from decomposition of some other 
substance, that material must be extremely unstable. 

The conversion of trichloroethylene to trichloroacetic acid 
cannot be easily explained by any at present known chemical 
reaction. As will be seen from an examination of the formulae of 
the two materials, such a conversion entails the transfer of a 
chlorine atom from one carbon atom to the adjoining one. 


CC1|=CHC1 converted to CCIr 



Such a conversion might be brought about, however, by the addi- 
tion of HCl to trichloroethylene with the formation of unsym- 
metrical tetrachloroethane; oxidation of this substance might 
yield trichloroacetic acid. Another possible, although seemingly 
improbable, explanation is that trichloroethylene acts as a chlor- 
inating agent and produces trichloroacetic acid in this manner. 

Although trichloroacetic acid was not actually isolated from the 
urine of human subjects exposed to trichloroethylene, owing to 
the impossibility of obtaining a sufficient supply of urine, it is 
strongly indicated that the same conversion occurs in human 
beings as well as dogs. A discussion of the significance of the 
conversion of trichloroethylene to trichloroacetic acid, from the 
standpoint of a detoxification mechanism, along with data re- 
garding the fate of some other chlorinated hydrocarbons will be 
contained in another report. 


BUMBIARY 

Trichloroacetic acid has been isolated from the urine of dogs 
that have been exposed to the vapor of trichloroethylene. The 
methods of isolation and identification of the material have been 
described. Experiments with urine from human subjects ex- 
posed to trichloroethylene vapor indicate that a similar conversion 
probably occurs in human beings as well as in dogs. 

Thanks are expressed to Dr. C. H. Best for his interest in this 
investigation. 
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THE ACTIVITY OF THE PHOSPHORYLATING ENZYME 
IN MUSCLE EXTRACT* 

By GERTY T. CORI, SIDNEY P. COLOWICK, and CARL F. CORI 

(From the Department of Pharmacology ^ Washington University School of 
Medicine, St. Louis) 

(Received for publication, December 17, 1938) 

It has been shown that various mammalian tissues (muscle, 
heart, brain, liver) as well as yeast contain an enzyme which 
can be extracted with water and which forms glucose-l-phos- 
phoric acid (l-ester) from glycogen and inorganic phosphate 
(1). This enzyme, which will be referred to as phosphorylase, 
initiates the degradation of glycogen. The further fate of 1-ester 
depends on the nature of the enzyme systems which are present. 
In muscle l-ester is converted to lactic acid, while in liver it is 
converted to glucose and inorganic phosphate (2). There is 
also the possibility that the phosphorylase initiates glycogen 
oxidation. 

It was found (3) that the activity of the phosphorylase de- 
pends on the presence of minute amounts of muscle adenylic 
acid or of adenosinediphosphate, which act as coenzymes in an 
as yet unexplained manner. The present report deals with a more 
detailed study of the activity of this enzyme and the effects on 
it of specific ions (Mg, Mn) and of other substances. 

EXPERIMENTAL 

The experiments were carried out with dialyzed^ and in some 
cases with electrodialyzed extracts of rabbit muscle, prepared 

* This work was aided by a research grant from the Rockefeller Foun- 
dation. 

‘ The effectiveness of the dialysis is shown by the following figures. 
The inorganic P content of the extracts in Experiments 1 to 6 in Table I 
was 1.1, 1.5, 4.0, 4.6, 3.6, and 4.1 mg. per cent, respectively; the acid-soluble 
organic P varied from 0.6 to 1.2 mg. per cent. In this and in previous 
work the collodion membranes were placed in water immediately after 
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as previously described (5). Besides phosphorylase, these 
extracts contained phosphoglucomutase (6) and isomerase (7) 
which by successive action convert the l-ester to the equili- 
brium mixture of glucose- and fructose-6-phosphate (6-ester). 
The degradation of glycogen in these muscle extracts did not 
progress beyond the formation of 6-ester. No inorganic P was 
split off from 6-ester during 3 hours of incubation at 37®. 

Phosphorylase activity was measured by the disappearance 
of inorganic P or by the isolation of the reaction products (1- 
and 6-esters) as the barium salts and their determination by a 
method previously outlined (1). As shown in a previous paper 
(3), good agreement is obtained between these two procedures. 
Glycogen was determined before and after incubation by heating 
aliquots of the reaction mixture for 30 minutes in 30 per cent 
NaOH and precipitating with 1.5 volumes of alcohol heated to 
the boiling point (Good et al (8)). The glycogen was dissolved 
in water and reprecipitated with 2 volumes of alcohol before it was 
hydrolyzed in n HCL After neutralization of the hydrolysate 
with NaOH, glucose was determined by the copper reduction 
method of Shaffer and Somogyi (1 gm. of KI reagent). Further 
experimental details are given in the Table I and Figs. 1 to 6. 

Comparison of Glycogen Disappearance and Hexosemonophos- 
phaie Formaiion — Table I shows that after 10 to 30 minutes of 
incubation from 93 to 97 per cent of the glycogen which dis- 
appeared was accounted for by the formation of hexosemonophos- 
phate which consisted mainly of l-ester when no Mg^*^ was 
added to the reaction mixture. After 60 to 90 minutes of in- 
cubation the percentage of glycogen accounted for was some- 
what lower and varied from 82 to 98 per cent. It seemed possible 
that a small amount of glycogen disappeared through diastatic 
action^ and thus escaped phosphorylation. 

their preparation ; they were not hardened by drying or by treatment with 
dilute alcohol. The extracts were dialyzed for 18 to 22 hours against run- 
ning tap water of about 10®. That an extended period of dialysis may be 
quite ineffective when less permeable membranes are used is shown by 
figures published by Augustin (4) for beef muscle extracts which contained 
40 mg, per cent of inorganic P after 23 hours of dialysis in cellophane tubes. 

• The first products of diastatic activity, the dextrine, can probably be 
phosphorylated by muscle extract, while the chief end-products of diastatic 
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In order to test the extracts for diastatic actirity, inorganic 
P was omitted from the reaction mixture, or no adenylic acid 
was added as in Experiment 6, or the phosphorylase was in- 
hibited by addition of phlorhizin. Under these conditions a 
small amoimt of glycogen still disappeared. Since in Experiments 
1 to 6 the dialyzed extracts were not free of inorganic phos- 
phate (see foot-note 1) and since some ester formation was still 
detectable, the disappearance of glycogen without addition of 
phosphate could have been due only in part to diastatic activity. 
In the extensively electrodialyzed extract (Experiment 7) there 
was practically no disappearance of glycogen during 3 hours 
of incubation when no phosphate was added. This extract formed 
large amounts of hexosemonophosphate during 10 minutes of 
incubation with phosphate buffer, so that it may be concluded 
that the phosphorylase disrupts the glycogen molecule with- 
out the aid of diastase. In discussing phosphorylase activity, 
Parnas (10) has expressed a similar view. 

The rather close correspondence between glycogen disappear- 
ance and hexosemonophosphate formation leads to the conception 
that once a glycogen molecule is acted upon by the phosphorylase, 
it is completely broken down into uniform fragments consisting 
of l-ester. This makes clear the dissimilarity of action of phos- 
phorylase and diastase, since the latter enzyme causes a stepwise 
breakdown of the glycogen molecule. 

Influence of Svhsirale and of Enzyme Concentration — In the 
reaction catalyzed by the phosphorylase two substrates, glycogen 
and inorganic P, are present, the concentration of each of which 
influences the rate of enzyme activity. Electrodialyzed muscle 


activity, maltose and glucose, are not phosphorylated. Two dextrins 
designated as Dextrins D and F in Table II of a paper by Caldwell and 
Hixon (9) and for which average chain lengths of 74 and 26 glucose units 
respectively are given were kindly supplied to us for examination. Dex<* 
trin D, according to our analysis, contained 39.5 per cent of alkali-resistant 
material, when heated for 30 minutes in 20 per cent KOH, followed by pre- 
cipitation from 60 per cent alcohol, Dextrin F only 3.9 per cent. Dextrin D 
was phosphorylated more rapidly in muscle extract than Dextrin F, but 
both were phosphorylated more slowly than glycogen. With both dextrins 
more hexosemonophosphate was formed than corresponded to the alkali - 
stable part. 
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Tablb I 

Glycogen Disappearance and Hexosemonopkosphale Formation 
The reaction mixture consisted of 2 parts of dialysed rabbit muscle ex- 
tract and 1 part of additions; it contained m/O phosphate buffer of pH 7.2| 
1 per cent glycogen, 1 mM adenylic acid, and 10 mM MgCls, except as noted. 
The mixture was incubated at 25®, except as noted. 

The values are given in mg. per 10 cc. of mixture. 


Experi- 

ment 

No. 

Period 
of incu- 
bation 

Hexosemonophosphate 
formed (as hexoae) 

Glyco- 
gen dis- 
appear- 
ance (as 
hexoee) 

Glyco- 
gen ac- 
counted 
for 

Remarks 

1 -Ester 

6-Ester 

Total 


mtn. 





percent 


1 

30 

6.0 

1.1 

6.1 

6.3 

97 

No Mg added 


60 

6.8 : 

1.6 

8.4 

10.3 

82 

u it a 

2 

30 

11.5 1 

1.0 

12.5 

13.4 

93 

it it it 


60 

11.1 

3.4 

13.6 

16.4 

82 

it ti it 

3 

60 

0.3 

9.9 

10.2 

11.7 

87 



60 

0.5 

1.0 

1.5 

2.8 


10 mM phlorhizin 


1 60 




3.2 


No phosphate added 

4 

60 

0.9 

16.5 

17.4 

20.6 

84 



60 

1.4 

17.3 

18.7 

20.6 

91 

0.02 M maltose 


60 




2.6 


10 mM phlorhizin 


60 




3.3 

t 

No phosphate added 

5 

60 

11.7 

7.2 

18.9 

19.2 

98 

** Mg added 


: 90 

0.7 

20.0 

20.7 

24.6 

84 



60 

0.6 

2.5 

3.1 

3.7 


10 mM phlorhizin 


60 


! 


4.1 


No phosphate added 

6 

10* 



37. 7 1 

40.7 

1 93 



20* 



49. Of 

62.8 

93 



10* 



2.8t 

4.7 


No adenylic acid added 


20* 



2.8t 

7.8 


it it it it 

7t 

10* 



34. 2t 





20* 



54. 6t 





60* 




0.1 


No phosphate added 


180* 




0.7 


tt ti it 


* Incubated at 37®. 

t Calculated from the disappearance of inorganic P. 
t Electrodialyzed extract. 


extracts were used which did not contain the adenylic acid de- 
aminase* described by Schmidt (11), a factor which is of import- 

* The preparation of muscle extracts free of deaminase by aging or by 
charcoal treatment has been described in a previous paper (3). During 
aging the deaminase is found in an active state in the protein precipitate 
which settles out and it is necessary therefore to centrifuge or Elter the 
extracts before use. 
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ance in an enzyme reaction in which adenylic acid acts as co- 
enzyme, particularly in a study of the kinetics of the reaction. 

The effect of different phosphate concentrations, with all 
other conditions kept constant, is shown in Fig. 1. The lowest 
phosphate concentration in Fig. 1 was about twice that found 
in resting muscle. With m/9 phosphate the rate of activity 
was initially greater than with m/18 phosphate, but fell off 
more rapidly, so that after 1 hour of incubation the same amount 



Fig. 1. Effect of phosphate concentration. An electrodialyzed and 
9 times diluted rabbit muscle extract was incubated at 37° with 1 per cent 
glycogen, 10 mw MgSOi, 1 mM adenylic acid, and varying concentrations 
of phosphate buffer of pH 7,2, as marked on the curves. 

Fig. 2. Effect of enzyme concentration. The same extract that was 
used in Fig. 1 was incubated at 37° with 1 per cent glycogen, m/18 phos- 
phate, 10 mM MgS 04 , and 1 mM adenylic acid. The enzyme concentra- 
tions, expressed in arbitrary units, were 1, 2.6, 6, 10, and 16 respectively, 
as marked on the curves. 

of phosphate was esterified with the two concentrations. After 
2 and 3 hours of incubation (not included in Fig. 1) the esteri- 
fication was less with m/9 and m/4.5 than with m/18 phosphate. 
The glycogen concentration was not a limiting factor, since 
practically the same curve was obtained with m/18 phosphate 
whether 1 or 2 per cent glycogen was used. It appears therefore 
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that m/ 18 phosphate and 1 per cent glycogen (i.e. equivalent 
amounts) were optimal for this particular enzyme concentration. 

With these substrate concentrations (m/18 phosphate and 1 
per cent glycogen) were tested one lower and three higher enzyme 
concentrations than the one used in Fig. 1, the total range of 
enzyme dilution being 15-fold. As shown in Fig. 2, there exists 
a fairly good proportionality between enz3rme concentration and 
activity over this range; that is, the time to esterify a given 
amount of inorganic P is inversely proportional to the enzyme 
concentration. This relationship is shown in the following values 
for K {K = TEj where T is time in minutes and E enzyme con- 
centration, the latter being expressed in arbitrary units of 1, 2.5, 
5, 10, 15, respectively). 


K for different amounts of P esterificyd 



0.3 mg. P 

0.6 mg. P 

0,8 mg. P 

1 

60 



2.5 

45 

147 


5 

50 

161 

285 

10 

52 

160 

276 

15 

52 

158 

276 


This proportionality holds even though there is a rapid falling 
off in the rate of enzyme activity with time, which makes it dif- 
ficult to measure initial rates. The reason for the falling off in 
rate has not been fully investigated. It was ascertained that an 
inactivation does not occur when muscle extracts are incubated 
for 1 hour at 37° with glycogen alone or phosphate alone before 
the other additions are made. There are several factors which 
influence the shape of the time curves. In extracts containing 
deaminase the rate of enzyme activity may fall off even more 
rapidly than in Fig. 2, owing to a diminishing and eventually 
suboptimal adenylic acid concentration. The same is true if no 
Mg++ is added, so that the inhibitory reaction product, the 1- 
ester, accumulates. The age of the extract has a marked effect 
on the shape of the time curves. These and other factors make 
it difficult to establish a unit of enzyme activity which will serve 
for different muscle extracts or for the same extract at different 
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f.imftH after its preparation. For a further study of its kinetics 
a purification of the enzyme seems necessary. 

Effect of pH and Temperature— A pH-activity curve is shown 
in Fig. 3. The pH of the reaction mixture was determined by 
means of a glass electrode. The plateau between pH 7 and 8 was 
verified in an experiment with a different enzyme concentration, 
marked by crosses in Fig. 3. At pH 5.8 and 9 the enzyme activity 
was about one-half of that at the pH optimum. The influence 
of pH on the activity of the enzyme has recently been studied 
by Bauer et al. (12). 



Fig. 3. pH-activity curve of phosphorylase. A rabbit muscle extract 
dialyzed for 18 hours and diluted 1.5 times was incubated with 1 per cent 
glycogen, m/22 phosphate buffer, and 0.1 mM adenylic acid for 30 minutes 
at 27°. Part of the curve, marked by crosses, was repeated with a different 
enzyme concentration. 


The phosphorylase has an abnormally low temperature coef- 
ficient. The values for Qio for a temperature range of 20-37° 
were 0.38, 0.29, and 0.26 for the 30, 60, and 120 minute incubation 
jjeriods, respectively.* The enzyme which converts the 1- to 
the 6-e8ter has a Qw between 2 and 3 and its activity is depressed 
much more on the acid side than is that of the phosphorylase. 
Consequently, a low temperature of incubation and an acid 
pH favor the accumulation of the l-ester. 

1-Ester Inhibition and Effect of Magnesvum Ions— The l-ester 
has a much stronger inhibitory effect on the rate of phosphoryla- 

‘ Kendal and Stickland (13) claim a Qu of 0 for this temperature range. 
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tion of glycogen than the 6-ester. This is shown in experiments 
in which these esters are added to the reaction mixture at the 
beginning of the incubation period. Owing to the presence of 
the conversion enz 3 rme which is active even if no Mg-^+ is added 
(6), the initial 1-ester concentration cannot be maintained. In 
one such experiment an initial concentration of 7 mM of 1-ester 
caused an inhibition of 93, 65, and 69 per cent during 10, 20, and 



Fig. 4 Fio. 6 


Fig. 4. Effect of increasing amounts of Mg^ on phosphorylation of 
glycogen. An electrodialyzed muscle extract was incubated for 1 hour at 
22® with 0.6 per cent glycogen, m/30 phosphate buffer of pH 7,2, 0.8 mM 
adenylic acid, and varying concentrations of MgSOi. The 1- and C-ester 
concentrations were determined separately, their sum representing total 
ester formation. 

Fig. 6 . Effect of Mg^ at acid pH. A dialyzed muscle extract was in- 
cubated at 24.6® with m/17 phosphate buffer of pH 6.5, 1 per cent glycogen, 
and 1 mM adenylic acid. To one set of reaction mixtures was added 8 mM 
MgSO*, as indicated on the curves. 

40 minutes of incubation, respectively, while an initial concen- 
tration of 7 mM of 6-ester caused an inhibition of only 17, 15, 
and 11 per cent. Since the enzymatic conversion of the 1- 
to the 6-ester is accelerated by Mg++ (6), the latter might be 
expected to have an effect on the rate of phosphorylation of 
glycogen by preventing the accumulation of the inhibitory 
1-ester. This was found to be the case, as shown in Figs. 4 to 6. 

In the experiment in Fig. 4 may be seen an inverse relation- 
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ship between rate of phosphorylation (curve for total esters) 
and 1-ester concentration. In the experiment in Fig. 5 use 
is made of the fact that at pH 6.5 the activity of the conversion 
enzyme is more strongly inhibited than that of the phosphorylat- 
ing enzyme. Without addition of Mg'^^ the 1-ester concentra- 
tion reached 5 mu after 20 minutes of incubation and remained at 
this level for some time; the phosphorylation of glycogen (curve 
for total esters) practically stopped between 20 and 40 minutes 
and was only resumed at the end of the incubation period, when 
a slight decrease in the 1-ester concentration had occurred. 



Fig, 6. Effect of at various phosphate concentratious. A dialyzed 
muscle extract was incubated for 20 minutes at 37° with 0.6 per cent gly- 
cogen, 0.3 mM adenylic acid, and varying concentrations of phosphate 
buffer of pH 7.2. To one set of reaction mixtures was added 10 mM MgS04, 
as marked on the curve. 

With addition of the 1-ester concentration did not reach 

the same level and decreased more rapidly than without Mg^"^ 
and the rate of phosphorylation was correspondingly greater. 
This experiment shows that there exists a critical 1-ester con- 
centration, in this case 5 mM, at which the activity of the phos- 
phorylase is completely inhibited. As this critical concentra- 
tion is approached, even slight changes in the 1-ester concentration 
have a marked effect on the rate of phosphorylation. 

In the experiment in Fig. 6 the initial phosphate concentra- 
tion of the reaction mixture varied from 7 mM (which corre- 
sponds to that foimd in resting muscle) to 60 mM (which is nearly 
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optimal); the effect of Mg++ was greater at the high than at 
the low phosphate concentration. The accelerating effect of 
Mg"^"^ on the phosphorylation of glycogen is attributed to the 
elimination of 1-ester inhibition. A direct effect of these ions 
on the phosphorylase seems unlikely. 

The optimal concentration of Mg'^+ for the conversion en- 
zyme is 5 niM, that of Mn++ and Co“^+ 0.5 him. These ions may 
increase the activity of the conversion enzyme 10 to 15 times (6). 
The effect of these ions, in the above concentrations, on the phos- 
phorylation of glycogen in an electrodialyzed extract (expressed in 
mg. of inorganic P which disappeared in 1 hour at 37® per 10 
cc. of reaction mixture) was as follows: no ions added 5.6, Mg^*^ 
10.3, Mg++ -f Mn++ 9.2, Mn++ 9.1, Co"^'*' 9.0. As in the case 
of Mg++, the effect of Mn^"^ and Co"^+ on phosphorylation of 
glycogen is probably an indirect one and is due to greater activity 
of the enzyme which converts the 1- to the 6-ester. 

Glucose in 17 mM concentration inhibited phosphorylation 
in muscle extract about 50 per cent, while fructose and maltose 
were without effect. Lehmann (14), who first described the 
inhibitory action of glucose, discussed its possible physiological 
significance. However, the glucose concentration of skeletal 
muscle in the intact animal does not reach very high values. 
The distribution of glucose between blood and muscle has been 
investigated on a previous occasion (15). At a glucose level 
in the plasma of 300 mg. per cent (17 mM), the glucose concen- 
tration in muscle was only 50 mg. per cent, at which concentra- 
tion glucose has no inhibitory effect on phosphorylation. 

Effect of Phlorhizin and Other Substances— Lundsgaard (16) 
discovered that phlorhizin has an inhibitory effect on lactic 
acid formation in muscle brei and found that it was due to an 
inhibition of phosphorylation. Ostern et ah (17) showed that 
phlorhizin prevents the formation of 6-ester in muscle extracts 
incubated with glycogen and inorganic P. The experiments in 
Table I indicate that phlorhizin inhibits the first step in the 
breakdown of glycogen, the formation of l-ester, A concen- 
tration of phlorhizin close to 0.01 m is necessary for strong (85 
per cent or more) inhibition of phosphorylase activity. This 
is a concentration far above that reached in the tissues of an 
intact animal injected with the usual dose of phlorhizin. 
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The phloretin part of the phlorhizin molecule, when added 
to muscle extract in 0.01 m concentration, was about as active 
as phlorhizin, while phloroglucinol had very little inhibitory 
action. Epinephrine, which accelerates very markedly the 
formation of 6-ester in intact muscle (18), has no effect on phos- 
phorylation in muscle extract (in a concentration of 1:16,000) 
and does not overcome the phlorhizin inhibition in muscle ex- 
tract. Of other substances tested, 0.01 m cyanide, fluoride, and 
iodoacetate, 0.02 m glyceraldehyde, 0.03 m glutathione, and 
insulin (10 mg. per cent) had no effect on phosphorylation in 
muscle extract. 


SUMMARY 

1. Dialyzed rabbit muscle extracts were incubated with gly- 
cogen, inorganic phosphate, MgCU, and adenylic acid. After 
10 to 30 minutes of incubation from 93 to 97 per cent of the 
glycogen which disappeared was accounted for by the formation 
of hexosemonophosphate, after longer periods of incubation from 
82 to 98 per cent. This close correspondence indicates that the 
phosphorylase causes a disruption of the entire glycogen molecule 
into uniform fragments consisting of glucose-l-phosphate. When 
inorganic P was omitted from the reaction mixture, a small 
amount of glycogen still disappeared. This could not be attri- 
buted with certainty to diastatic activity, because the traces 
of inorganic P which were not removed by simple dialysis of 
the extracts sufficed for some ester formation. In an electro- 
dialyzed and very actively phosphorylating extract no glycogen 
disappeared when inorganic P was omitted. The phosphorylase 
therefore disrupts the glycogen molecule without the aid of a 
diastase. 

2. The activity of the enzyme was tested over a 15-fold range 
of dilutions with 1 p)er cent glycogen and m/18 phosphate. There 
was a rapid falling off in the rate of enzyme activity with time 
at all enzyme concentrations. The time to esterify a given 
amount of inorganic P was inversely proportional to the enzyme 
concentration. Some conditions under which such a propor- 
tionality did not hold are described. 

3. A pH-activity curve showed a broad maximum between pH 
7 and 8 with about one-half the activity at pH 5.8 and 9. The 
temperature coeflicient of the enzyme was abnormally low; 
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between 20® and 37® the Qio was always below 0.6, often as low 
as 0.25. 

4. Glucose-l-phosphoric acid, the first product of glycogen 
degradation, was found to have a strong inhibitory effect, and 
its enzymatic conversion product, glucose-6-phosphoric acid, a 
weak inhibitory effect on the phosphorylase. Glucose was also 
inhibitory, but fructose and maltose were not. Mg'^+, Mn"^+, 
and 00 +*^, when added to a dialyzed extract, increased the ac- 
tivity of the phosphorylase. Since these ions accelerate the 
enzymatic conversion of the 1- to the 6-ester, their effect on 
phosphorylation is attributed to a removal of l-ester inhibition. 

5. Phlorhizin and phloretin in 0.01 m concentration almost 
completely suppressed the breakdown of glycogen and the forma- 
tion of 1-ester, while phloroglucinol had little inhibitory action. 
Cyanide, fluoride, iodoacetate, glyceraldehyde, epinephrine, in- 
sulin, and glutathione, in the concentrations tested, were without 
effect on the phosphorylase. 
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